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PREFACE. 

lis" the composition of this volume my purpose has been 
to render intelligible to all who can read, irrespective of any 
previous scientific acquirements, the various forms of tele- 
graph in actual operation in different parts of the world, 
and the manner in which their marvellous effects are 
produced. Since the instrument in one form or another 
involves all the great laws governing electrical and magnet- 
ical phenomena, the discovery of which wDl render for ever 
memorable the researches of the eminent scientific men of 
the last -half century, it was necessary to include in the 
exposition of each piece of apparatus Bucb an account of the 
physical principle upon which its use depends,' as should 
render its application and effects understood. Descriptions 
of such apparatus, however clearly expressed, would have 
been obscure without graphic illustrations to correspond 
with them. These have accordingly been supplied, as will 
be seen, with no sparing hand. 

No two countries agree in adopting the same form of 
telegraphic instrument, and even in the same country different 
forms of telegraph are used by different companies and for \ 
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different purposes. Since these various instruments are 
always different in the details of their construction and often 
totally distinct in their principle and mode of operation, it 
was netessary to explain each in succession, and to do so 
correctly it was necessary to seek and obtain authentic 
documents, descriptions, and drawings from those who were 
placed in the direction and superintendence of the telegraphs 
in various parts of the continent of Europe and in the 
United States. 

The reader of this little volume will find in its pages 
abundant evidence that no pains or cost have been spared 
in these researches. 

The history of the invention of the Electric Telegraph is 
a subject upon which I have not judged it expedient to 
enter. The details of such a narrative, necessarily numerous 
and complicated, involving several questions of disputed 
priority and contested claims, besides filling a much larger 
volume than the present, would present few attractions for 
the large masses to whom1)ur work is addressed. 

The Electric Telegraph is not the invention of an 
individual. As it now exists, it is tho joint production of 
many eminent scientific men and . distinguished artists of 
various countries, whose labours and experimental researches 
on the subject have been spread over the last twenty years. 
Not being prepared to engage in a complete account of 
the progressive results of these labours, I have in the 
following work generally abstained from the mention of 
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inventors, from a desire to avoid tlie risk of appearing to 
put forward some in undue preference to others who might 
be supposed to have better claims to notice. There can, 
however, be no risk of committing an injustice by stating 
that in England Professor Wheat stone, in the TJnited 
States Professor Morse, in Bavaria M. Steinheil, in Prussia 
Dr. Siemens, and in France MM. Breguet and Proment, 
Lave severally stood in the leading ranks of invention. 
Besides these eminent persons may be mentioned, Mr. 
Bain, the inventor of the electro-chemical telegraph ; Mr. 
Henley and the Messrs. Bright, who have improved the 
magnetic telegraph ; Messrs. Brett, to whose genius and 
enterprise the world is indebted for submarine telegraphs ; 
Messrs. Newall and Co., who have been signalised by the 
construction of submarine cables; !Mr. Walker of the 
South Eastern Telegraph Company ; and Mr. House of 
the United States, the inventor of a printing telegraph in 
extensive operation. 
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CHAPTBE I. 
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limiting— «I«jtro-meljiJlnrgj'.— 7. Snch predictions would hten been 
deemed inoiedible. — S. Blectro-telegrapb^r the moBt incredible of all. 
— 9. Bemukable experiment ij Messra. LerenieT and Lardner. — 
10. Teloratj of electrio ooirsnt. — 11. No limit to the celerity of 
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evolve electricity. — 27. Common plate battery of zinc and copper. 
— 28. Why zinc and copper are preferred. — 29. Charcoal substituted 
for copper.— 30. Elements not essential. — 31. Various chemical 
solutions used.— 82. Daniel's constant battery. — 88. Same modified by 
Pouillet. — 34. Grove's and Bunsen's batteries. — 86. Necessary to 
combine many elements. 

1. Each succeeding age and generation leaves behind it a peculiar 
cliaracter, which stands out in relief upon its annals, and i» 
associated with it for ever in the memory of posterity. One is 
signalised for the invention of gunpowder, another for that of 
printing ; one is rendered memorable by the revival of letters, 
another by the reformation of religion ; one is marked in history 
by the conquests of Napoleon, another is rendered illustrious by 
the discoveries of Newton. 

If we are asked by what characteristic the present age will be 
marked in future records, we answer, by the miracles which 
have been wrought in the subjugation of the powers of the material 
world to the uses of the human race. In this respect no former 
epoch can approach to competition with it. 

The author of some of the most popular fictions of the day 
has aJffirmed, that in adapting to his piirpose the results of his 
personal observation on men and manners, he has not un&e- 
quently found himself compelled to mitigate the real in order to> 
bring it within the limits of the probable. No observer of the 
progress of the arts of life, at the present time, can fail to be struck 
with the prevalence of the same character in their results as that 
which compelled this writer to suppress the most wonderful of 
what had fallen under his eye, in order to bring his descriptions 
within the bounds of credibility. 

2. Many are old enough to remember the time when persons, 
correspondence, and merchandise were transported from place to 
place in this country by stage-coaches, vans, and waggons. In 
those days the fast-coach, with its team of spanking blood-horses,, 
and its bluff driver, with broad-brimmed hat and drab box-coat, 
from which a dozen capes were pendant, who ^^ handled the rib- 
hons " with such consummate art, could pick a fly frx)m the ear of 
the off-leader, and turn into the gateway at Charing Cross with the 
precision of a geometrician, were the topics of the unbounded 
admiration of the traveller. Certain coaches obtained a special 
celebrity and favour with the public. "We cannot forget how the 
eye of the traveller glistened when he mentioned the Brighton: 
" Age," the Glasgow " Mail," the Shrewsbury " "Wonder," or the 
Exeter "Defiance," — ^the "Age," which made its trip in five 
hours, and the " Defiance," which acquired its fame by completing 
the journey between London and Exeter in less than thirty hours* 
114 
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3. The rapid circulation of intelligence was also the boast of 
those times. How foreigners stared when told that the news oi 
each afternoon formed a topic of conversation at tea-tables the 
same evening, twenty nules from London, and that the morning 
journals, stiU damp from the press, were served at breakfast 
within a radius of thirty miles, as early as the frequenters of the 
London clubs received them. 

Now let us imagine that some profound thinker, deeply versed 
in the resources of Science at that epoch, were to have gravely 
predicted that the generation existing then and there would live 
to see all these admirable performances become obsolete, and 
consigned to the history of the past ; that they would live to regard 
such vehicles as the "Age " and ** Defiance " as clumsy expedients, 
and their celerity such as to satisfy those alone who were in a 
backward state of civilisation! 

4. Let us imagine that such a person were to affirm that his 
contemporaries would live to see a coach like the "Defiance," 
making its trip between London and Exeter, not in thirty, but in 
five hours, and ^rawn, not by 200 blood-horses, but by a moderate 
sized stove and four bushels of coals ! 

5. Let us further imagine the same sagacious individual to 
predict that his contemporaries would live to see a building 
erected in the centre of London, in the cellars of which machinery 
would be provided for the fabrication of artificial lightning ^ which 
should be supplied to order, at a j^xed pnce, in any quantity 
required, and of any prescribed force : thoi conductors yrovdd. he 
carried from this building to all parts of tho country, along which 
such lightning should be sent at will; that in the attics of this 
same building would be provided certain small instruments like 
barrel-organs or pianofortes ; that by means of these instruments, 
the aforesaid lightning should, at the will and pleasure of those 
in charge of them, deliver messages at any part of Europe, from 
St. Petersburgh to Naples ; and, in fine, that answers to such mes- 
sages should be received instantaneously, and by like means: 
that in this same building offices should be provided, where any 
lady or gentleman might enter, at any hour, and for a few 
shillings send a message by lightning to Paris or Vienna, and by 
waiting for a few moments, receive an answer ! 

Might he not exclaim after the inspired author of the book of 
Job: — 

** Canst thou send lightnings, that they may go, and say unto 
thee. Here we are " I ! xxxviii., 35. 

. But, suppose that his foresight should further enable him to 
pronounce that means would be invented by which any individual 
in any one town or city of Europe should be enabled to take in 
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his hand a pencil or pen, the point of which should be in any 
other town or city, no matter how distant, and should, with such 
pen or pencil, write or delineate in such distant place, such 
characters or designs as might please him, with as much prompti- 
tude and. precision as if the paper to which these characters or 
designs were committed lay upon the table before him ; or that 
an individual pulling a string at London should ring a bell at 
Vienna, or holding a match at St. Petersburgh should discharge a 
cannon at Naples ! 

6. Suppose he should afi&rm that means would be discovered for 
converting charcoal into diamonds; that the light of the sun 
would be compelled, without the intervention of the human hand, 
to make a portrait or a picture, with a fidelity, truth and precision, 
with which the productions of the most exalted artistic skill 
would not bear comparison ; and that this picture should be pro- 
duced and completed in its most minute details in a few seconds — 
nay, even in the fraction of a second ; that candles and lamps would 
be superseded by flame manufactured on a large scale in the suburbs 
of cities, and distributed for use in pipes, carried under the streets, 
and into the houses and other buildings to be illuminated ; and 
that the precious and other metals being dissolved in liquids, 
would form themselves into the articles of ornament and use by 
a spontaneous process, and without the intervention of human 
labour!! 

No authority however exalted, no attainments however pro- 
found, no reputation however respected, could have saved the 
individual rash enough to have given utterance to such predictions 
some forty years agd, from being regarded as labouring undar 
intellectual derangement. Yet all these things have not only 
come to pass, but the contemplation of many of them has become 
so interwoven with our habits, that familiarity has blunted the 
edge of wonder. 

7. Compared with all such realities, the illusions of oriental 
romance grow pale ; fact stands higher than fiction in the scale of 
the marvellous ; the feats of Aladdin are tame and dull ; and the 
slaves of the lamp yield precedence to the spirits which preside 
over the battery and the boiler. 

8. Of all the physical agents discovered by modem scientific 
research, the most fertile in its subserviency to the arts of life is 
incontestably electricity, and of all the applications of this subtle 
agent, that which is transoendentiy the most admirable in its 
efiects, the most astonishing in its results, and the most important 
in its influence upon the social relations of mankind, and upon the 
spread of civilisation and the diffusion of knowledge, is the 
Electric Telegraph. No force of habit, however long continued, 
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no degree of familiarity can efface the sense of wonder which tha 
effects of this most maiwellous application of science excites. 

9. Being at Paris some years ago, I was engaged to share with 
M. Leverrier, the celehrated astronomer, and some other men of 
science, in the superintendence of a series of experiments to be 
made before committees of the Legislative Assembly and of the 
Institute, with the view of testing the efficiency of certain tele- 
graphic apparatus. On that occasion operating in a room at 
the Ministry of the Interior appropriated to the telegraphs, into 
which wires proceeding from various parts of France were brought, 
we dictated a message, consisting of about forty words, addressed 
to one of the clerks at the railway station at Valenciennes, a 
distance of 168 miles from Paris. This message was transmitted in 
two minutes and a half. An interval of about five minutes 
elapsed, during which, as it afterwards appeared, the clerk to 
whom the message was addressed was sent for. At the expiration 
of this interval the telegraph began to express the answer, which, 
consisting of about thirty-five words, was delivered and written 
out by the agent at the desk, in our presence, in two minutes. 
Thus, forty words were sent 168 miles and thirty-five words 
returned from the same distance, in the short space of four 
minutes and thirty seconds. 

But surprising as this was, we soon afterwards witnessed, in 
the same room, a still more marvellous performance. 

The following experiment was prepared and performed at the 
suggestion and under the direction of M. Leverrier and 
myself: — 

• Two wires, extending from the room in which we operated to 
Lille, were united at the latter place, so as to form one continuous 
wire, extending to Lille and back, making a total distance of 
336 miles. This, however, not being deemed sufficient for 
the purpose, several coils of wire wrapped with silk were 
obtained, measuring in their total length 746 miles, and were 
joined to the extremity of the wire returning from Lille, thus 
making one continuous wire measuring 1082 miles. A message 
consisting of 282 words was then transmitted from one end of the 
wire. A pen attached to the other end immediately began to 
write the message on a sheet of paper moved under it by a simple 
mechanism, and the entire message was written in fcdl in the 
presence of the Committee, each word being spelled completely 
and without abridgment, mffty-two seconds, being at the average 
rate of Jive words and four 'tenths per second ! 

By this instrument, therefore, it is practicable to transmit 
intelligence to a distance of upwards of 1000 miles, at the rate of 
19500 words per hour ! 
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The instrument would, therefore, transmit to a distance of 1000 
miles, in the space of an hour, the contents of about forty pages of 
the book now in the hands of the reader ! 

But it must not be imagined, because we have here produced an 
example of the transmission of a despatch to a distance of 1000 
miles, that any augmentation of that distance could cause any 
delay of practical importance. 

10, Although the velocity of the electric current has not been 
very exactly measured, it has been established beyond all doubt 
that it is so great that to pass from any one point on the surface 
of the earth to any other, it would take no more than an inappre- 
ciable fraction of a second. 

11. If, therefore, the despatch had been sent to a distance of 
twenty thousand miles instead of one thousand, its transmission 
would still have been instantaneous. 

Such a despatch would fly many times round the earth between 
the two beats of a common clock, and would be written in full at 
the place of its destination more rapidly than it could be repeated 
by word of mouth. When such statements are made, do we not 
feel disposed to exclaim — 

''Are such things here as we do speak about ? 
Or have we eaten of the insane root, 
That makes the reason prisoner V* 

In its wildest flights the most exalted imagination would not have 
dared, even in fiction, to give utterance to these stubborn 
realities. Shakspeare only ventured to make his fairy 

'' Put a girdle round the earth 
In forty minutes." 

To have encircled it several times in a second, would have seemed 
too monstrous, even for Robin Goodfellow. 

The curious and intelligent reader of these pages will scarcely 
be content, after the statement of facts so extraordinary, to 
remain lost in vacant astonishment at the power of science, with- 
out seeking to be informed of the manner in which the phenomena 
of nature have been thus wonderfully subdued to the uses of man. 
A very brief exposition will be enough to render intelligible the 
manner in which these miracles of science are wrought. 

12. The "World of Science is not agreed as to the physical 
character of Electricity. According to the opinion of some it is a 
fluid infinitely lighter and more subtle than the most attenuated 
and impalpable gas, capable of moving through space with a 
velocity commensurate with its subtleness and levity. Some 
regard this fluid as simple. Others contend that it is compound, 
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consisting of two simple fluids having antagonistic properties 
^bich wlien in combination neutralise each other, but which 
recover their activity by decomposition. Others again regard it 
not as a specific fluid which moves through space, but as a 
phenomenon iuialogous to sound, and think &at it is only a series 
of undulations or vibrations that are propagated through a highly 
elastic medium which produce the various electrical eflects just 
as the pulsations of the atmosphere produce all the effects of 
sound. 

13. Happily these difficult discussions are not necessary to the 
clear comprehension^ of the laws which govern the phenomena, 
upon which electric telegraphy depends. It will nevertheless for 
the purposes of explanation be convenient to use a system of 
language, which implies the existence of a certain fluid which we 
shall call the electric fluid, capable of moving over certain bodies, 
and being obstructed or altogether stopped by others, and which 
by its presence or proximity produces certain definite effects, 
mechanical and chemical. 

14. Whether the electric agency be or be not a material fluid 
for our present purpose is unimportant. It is enough that it 
comports itself as such, and that the properties or effects which we 
shall impute to it are such only as it is ^oertained by observation 
and experiment to possess or produce. 

15. However various the forms may be which invention has 
conferred upon electric telegraphs, their efficiency in all cases 
depends on our power to produce at will the following effects: — 

1st. To produce or develop the electric fluid in any desired 
quantity, and of the necessary quality. 

2nd. To transmit it with celerity to any required distance, 
without injuriously dissipating it. 

3rd. To cause it upon its arrival at any assigned point to 
produce some sensible effects, which may serve the purpose of 
written or printed characters. 

16« The electric fluid is deposited in a latent state in unlimited 
quantity in the earth, the waters, the atmosphere, and in all 
bodies upon the earth, whether solid, liquid, or gaseous. It is 
disengaged and rendered active by various causes, natural and 
artificial. The mutual friction of bodies, contact and pressure, 
the contiguity or contact of bodies having different temperatures, 
the chemical action of bodies one upon another, the action of 
magnetic bodies on each other, and on bodies susceptible of mag- 
netism, are severally causes of the development of the electric 
fluid in greater or less quantity. 

Founded upon these phenomena, various apparatus have been 
contrived, by means of which the electric fluid may be evolved 
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and collected in any desired quantity, and with any required 
intensity. Among these, that which has proved to be the 
most efficient for telegraphic purposes is the galtanic or yoltaic 

BATTEKY. 

17. This apparatus is to the electric telegraph what the boiler 
is to the steam-engine. It is the generator of the fluid by which 
the action of the telegraphic machine is produced and maintained. 
It supplies the fluid in any required quantity and of any desired 
intensity. As the boiler is supplied with expedients by which 
within practical limits the quantity and pressure of the steam 
may be varied, according to the exigences of the work to which 
the engine is applied, so the voltaic battery is provided with 
expedients by which the quantity and intensity of the electric 
fluid it evolves can be varied according to the distance to which 
the intelligence is to be transmitted ; and the form, whether 
visible, oral, written, or printed, in which it is required to be 
delivered at the place of its destination. 

18. The electric fluid being thus produced in sufficient quantity, 
it is necessary to provide adequate means of transmitting it to a 
distance without exposing it to any cause of injurious dissipation 
or waste. 

If tubes or pipes could be constructed with sufficient facility 
and cheapness, through which the subtle fluid could flow, and 
which would be capable of confining it during its transit, this 
object would be attained. As the galvanic battery is analogous 
to the boiler, such tubes would be analogous^ in their form and 
functions to the steam-pipe of a steam-engine. 

19. The construction of such means of transmission has been 
accomplished by means of the well-known property of the 
electric fluid, in virtue of which it is capable of passing freely 
over a certain class of bodies called condtjctoes, while its move- 
ment is arrested by another class of bodies called ii^on-condxtctobs 

or INSTJLATOES. 

The most conspicuous examples of the former class are the 
metals; the most remarkable of the latter being resins, wax^ 
glass, porcelain, silk, cotton, dry air, &c. 

20. Now if a rod or wire of metal be coated with wax, or 
wrapped with silk, the electric fluid will pass freely along the 
metal, in virtue of its character of a conductor ; and its escape 
from the metal laterally will be prevented by the coating, in 
virtue of its character of an insulator. 

The insulator in such cases is, so far as relates to the electricity, 

a real tube, inasmuch as the electric fluid passes through the 

metal included by the coating, in exactly the same manner as 

water or gas passes through the pipes which conduct it ; with this 
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difference, bowever, that the electric fluid moves along the vrire 
more freely, in on olmast infinite proportiou, than does either 
water or gas in the tubes which conduct them. 

If, then, a wire, coated vritb a non-conductong substance, 
capable of reoiating the TicisgitudeB of weather, were extended 
iMitween any two distant points, one end of it being attached 
to one of the eitreinities of a galvanic battery, a stream of 
electricity would pass along the vnre~^oiHtled the other end of 
the wire teere connected by a cottdactii- leith the other extremity 
of the battery. 

21. How tiie fluid tranunitted to a diatant station is made to 
produce tie effects by which messages are eipressed will be 
explained hereafter, meanwhile it will be necessary first to explain 
the form and principle of the voltaic batteries used for tele~ 
graphio operations, and secondly the expedients by which the 
current is transmitted and suspended, and turned in one or 
another direclioii at the will of the operiLtoi at the station from 
which despatches are transmitted. 

To comprehend the principle of the voltaic battery, let us 
suppose that two strips cut, one z z frtmi a sheet of zinc, and the 
other CC (fig. 1) from a sheet of cop- 
per, are immersed without touching f\a. i. 
each other in a vessel containing 
water slightly acidulated. To the 
upper edges P and if of the strips let f f 
two pieces of wire p; and k n, be ^ 
soldered. In this state of the appa- 
ratus no development of the electric 
fluid will be manifested ; but if the 
ends p and n of the wires be 
brought into contact, an electric 
current will set in, running on the 
wires from p, the point where the 
wire is soldered to the copper c c, 
to s, the point where the other wire 
is soldered to the zinc z z. This 
corrent will continue to flow so long 
as the ends J) and n of the wires 
kept in mntnal contact, and 
and n are separated, the current ceases. 

22. The commencement of the current upon the contact of the 
wires, and its cessation upon their separation, are absolutely 
imfanlarteoue ; so much so, that if the endsp and n were brought 
into contact and separated a hundred times in a second, the flow 
and Eospension of the current being simultaneous with the 
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contacts and Beparalions, would also take pla«e a tnndrcd tiinei 
in a second. 

The existence of the cmrent estabUahed in tliis case is inde- 
pendent of the length of the mres vp and H n. Whether Hieir 
length be 10 feet, 10 miles, or 100 miles, the current wUl still 
£ow apon. thent when their eitremitiea p and n are brought into 
-contact. The onlf difference will be, that tlie int«n^ty of Iha 
'Ooirent will be less in the same proportion as ^e length, of ths 
wires is augmented. 

23. There is another condition of great importance, wliether 
Tegaided theoreticalij or practicallj, on which ^e current will be 
established and maintained. 

Instead of bringing &e wires P p and v n into contact, let 
them be continued downwards, aa represented in fig, 2, and con- 
nected with two plates of metal p and n , buried in the earth, or 
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with masses of metal or other good conducting body of any form 
whatever thus bnned In that case the current wiH be esta 
blished as before, flowing along the wire soldered to the copper 
from P to ^ and along tlult soldered to the zino from »' to s. 

Thus, in both cases the current starts irom the copper, and, 
fc^owing the course of the wires, returns to the zinc. In the 
former case, however, it is oonldnuous ; but in the latter it ii 
apparently broken, terminatiHg at jf", and recommencing at n'. 
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24. In the electric theories it is assumed that the course of the 
current, when it exists at all, must in all cases be continuous and 
unbroken from p to N, as it is in fact under the conditions repre- 
sented in fig. 1, when the ends p and n are in contact. It is 
therefore assumed that in the case represented in fig. 2, the 
stratum of the earth which is interposed between y and n' plays 
the part of a metallic wire joining these points, and that the current 
which arrives by the wire p pp' at p' flows through the earth, as 
indicated by the arrow, to n', from whence it flows along the wire 
n' n K to N. 

It is found also in this case that the existence of the current is 
independent of the lengths of the wires, which do not aflect it 
otherwise than by diminishing its intensity. Whether the wires 
are 10 feet, 10 miles, or 100 miles in length, the current still flows 
from p toy and returns from n' to N. 

25. Thus, admitting the generally acknowledged principle that 
the stratum of the earth inter v tsning between/?' and n' plays the part 
of a conducting wire, uniting the ends p' and n' of the wires 
buried, it will follow that the current oip', though separated, as it 
may be, by a distance of several hundred miles from the point n 
of its return to N, finds its way nevertheless through the earth 
unerringly and instantaneously to that point. 

Of all the miracles of science, surely this is the most marvel- 
lous. A stream of electric fluid has its source in the cellars of 
the Central Electric Telegraphic Office, Lothbury, London. It 
flows under the streets of the great metropolis, and, passing on 
wires suspended over a zigzag series of railways, reaches Edin- 
burgh, where it dips into the earth, and difi^es itseK upon the 
buried plate. From that it takes flight through the crust of the 
earth, and Jinds its own way back to the cellars at Lothbury I ! ! 

Instead of burying plates of metal, it would be sufficient to 
connect the wires at each end with the gas or water pipes, which, 
being conductors, would equally convey the fluid to the earth ; 
and in this case, every telegraphic despatch which flies to Edin- 
burgh along the wires which border the railways, would fly back, 
rushing to the gas-pipes which illuminate Edinburgh, from them 
through the crust of the earth to the gas-pipes which illuminate 
London, and from them home to the batteries in the cellars at 
Lothbury ! 

26. To derive all the necessary instruction from what has been 
explained above, it will be necessary to distinguish what is 
essential from what is merely optional, and which admits of 
modification or change without affecting the result. 

27. It will be seen that the electric fluid is evolved by the 
combination of three bodies, the zinc, the copper, and the acidu- 
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lated solution in whicli they are immersed. Tlio production of 
the current depends on the chemical action of the solution on the 
zinc. That metal being very susceptible of oxydation, decom» 
poses the water which is in contact with it. One constituent of 
the water combining with the zinc, produces a compound called 
the oxyde of zinc, and this oxyde entering again into combination 
with the acid which the water holds in solution, forms a soluble 
salt. If the acid, for example, be sulphuric acid, this salt will be 
the sulphate of the oxyde of zinc, and as fast as it is produced it will 
be dissolved in the water in which the slips of metal are immersed. 

Meanwhile, the copper not being as susceptible of chemical 
action as the zinc, remains comparatively unaffected by the solu- 
tion ; but the hydrogen evolved in the decomposition of the water 
collects upon its surface, after which it rises and escapes in 
bubbles at the surface of the solution. 

It is to this chemical action upon the zinc that the production 
of the electric current is due. If a like action had taken place in 
the same degree on the copper, a similar and equally intense 
electric current would be produced in the opposite direction ; and 
in that case the two currents would neutralise each other, and no 
electric effect would ensue. 

From this it will be seen that the efficacy of the combination 
must be ascribed to the fact, that one of the two metals immersed 
in the solution is more oxydable than the other, and that the 
energy of the effect and the intensity of the current will be so 
much the greater as the susceptibility of oxydation of the one 
metal exceeds that of the other. 

28. It appears, therefore, that the principle may be generalised, 
and that electricity will be developed, and a current produced by 
any two metals similarly placed, which are oxydable in different 
degrees. 

Zinc being one of the most oxydable metals, and being also 
sufficiently cheap and abundant, is generally used by preference 
for voltaic combinations. Silver, gold, and platinum are severally 
less susceptible of oxydation, and of chemical action generally^ 
than copper, and would therefore answer voltaic purposes better, 
but are excluded by their greater cost, and by the fact that copper 
is found sufficient for all practical purposes. 

29. It is not, however, absolutely necessary that the inoxydable 
element c c of the combination should be a metal at all. Jt is 
only necessary that it be a good conductor of electricity. In 
certain voltaic combinations, charcoal properly solidiffed has 
therefore been substituted for copper, the solution being such as 
would produce a strong chemical action on copper. 

30. In the above illustration, we have supposed that the 
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metallic elements of tlie combination are thin rectangular slips 
cut from sheet metal. The form, however, is in no manner 
essential to the production of the electric current. So long as 
the magnitude of the surfaces exposed to contact with the solution 
is the same, the current will have the same force. The pieces of 
metal may therefore have the form here supposed of thin rec- 
tangular plates, or they may be formed, as is often found con- 
venient, into hollow cylinders, that of the copper being so much 
less in diameter than that of the zinc, that it is capable of being 
placed within it without mutual contact. 

The simple arrangement first adopted by Volta consisted of 
two equal discs of metal, one of zinc, and the other of copper or 
silver, with a* disc of cloth or bibulous card, soaked in an acid or 
saline solution, between them. These were usually laid, with 
their surfaces horizontal, one upon the other. 

The late Dr. Wollaston proposed an arrangement, in which the 
copper plate was bent into two parallel plates, a space between 
them being left for the insertion of the zinc plate, the contact of 
the plates being prevented by the interposition of bits of cork or 
other non-conductor. The system thus combined was immersed 
in dilute acid, contained in a porcelain vessel. 

Dr. Hare of Philadelphia contrived a voltaic arrangement, con- 
sisting of two metallic plates, one of zinc and the other of copper, 
of equal length, rolled together in the form of a spiral, a space of 
a quarter of an inch being left between them. They are main- 
tained parallel without touching, by means of a wooden cross at 
top and bottom, in which notches are provided at proper distances, 
into which the plates are inserted, the two crosses having a 
common axis. This combination is let into a glass or porcelain 
cylindrical vessel of corresponding magnitude, containing the 
exciting liquid. 

This arrangement has the great advantage of providing a very 
considerable electro-motive surface with a very small volume. 

The exciting liquid recommended for these batteries when great 
power is desired, is a solution in water of 2 J per cent, of sulphuric, 
a.nd 2 per cent, of nitric acid. A less intense but more diu-able 
action may be obtained by a solution of common salt, or of 3 to 5 
per cent, of sulphuric acid only. 

31. It is not essential that the water in which the metals are 
immersed be acidulated, as we have supposed, by sulphuric acid. 
Any acid which will promote the oxydation of the zinc without 
affecting the copper will answer. Nor is it indeed necessary that 
any acid whatever be used. A saline solution is often found more 
convenient. Thus common salt dissolved in the water will 
produce the desired effect. 
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Fig. 3. 




Qf the yaiious voltaic combinations which have been applied in 
scientific researches, four only haye been found available to anj 
considerable extent in the working of electric telegraphs, the zine 
and copper plate combination described above, Daniel's constant 
battery. Grove's battery, Bunsen's modification of it, and ths 
magneto-electric apparatus. 

32. Daniel's combination, which is extensively used in 
working the telegraphs on the continent, consists of a 
copper cylindrical vessel cc, fig. 3, widening near the top 
a d. In this is placed a cylindrical vessel of unglazed 

porcelain p. In this latter is placed the 
hollow cylinder of zinc z, already described. 
The space between the copper and porcelain 
vessels is fiUed with a saturated solution of 
the sulphate of copper, which is maintained 
in a state of saturation by crystals of the 
salt placed in the wide cup abed, in the 
bottom of which is a grating composed of 
wire carried in a zigzag direction between 
two concentric rings, as represented in plan 
at 0. The vessel p, containing the zinc, is filled with a solution 
of sulphuric acid, containiag from 10 to 25 per cent, of acid when 
greater electro-motive power is required, and from 1 to 4 'per cent, 
when more moderate action is sufficient. 

33. The following modification of Daniel's system was adopted 
by M. Pouillet in his experimental researches, and is the form 
and arrangement used in France for the telegraphs. A hollow 
cylinder a, fig. 4, of thin copper, is ballasted with sand 5, having 

a fiat bottom c, and a conical top d. 
Above this cone the sides of the copper 
cylinders are continued, and terminate 
in a fiange e. Between this flange and 
the base of the cone, and near the base, 
is a ring of holes. This copper vessel 
is placed in a bladder which fits it 
loosely like a glove, and is tied round 
the neck under the flange e» The satu- 
rated solution of the sulphate of copper 
is poured into the cup above the cone, 
and, flowing through the ring of holes, 
fills the space between the bladder and 
the copper vessel. It is maintained in 
its state of saturation by crystals of the 
salt deposited in the cup. 
This copper vessel is then immersed in a vessel of glazed 
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porcelain t, containing a solution of the sulphate of zinc or the- 
chloride of sodium (common S9^1t). A hollow cylinder of zinc A, 
spHt down the side so as to be capable of being enlarged, or con- 
tracted at pleasure, is immersed in this solution surrounding th& 
UaddJBr. The poles are indicated by the conductors p and n, the^ 
positive proceeding &om the copper, and the negatiye from 
the zinc. 

M. Pouillet states that the action of this apparatus is sustained 
without sensible variation for entire days, provided the cup above 
the cone d is kept supplied with the salt, so as to maintain the 
solution in the saturated state. 

In the batteries used for the telegraphs on the French railways,. 
the liquid in which the zinc cylinder is immersed is pure water,. 
and this is found to answer in a very satisfactory manner. 

The current flows from the copper cylinder and returns as usual 
to the zinc. 

34. Grove's battery consists of two liquids, sulphuric and nitric 
adds, and two metals, zinc and platinum, arranged in the following 
manner:— 

A hollow cylinder of zinc z z, fig. 5, open at both ends as abeady 
described, is placed in a vessel of glazed porcelain v v. Within 
this is placed a cylindrical vessel v v, of unglazed 
porcelain, a littie less in diameter than the zinc 
zz, so that a space of about a quarter of an inch 
may separate their surfaces. 
In this vessel t? v, is inserted a 
cylinder c c of platinum, open 
at the ends, and a Uttb less 
than vVfBO that their surfaces 
may be about a quarter of an 
indi asunder. Dilute sulphuric 
acid is then poured into the 
Tessel T V, and concentrated 
nitric acid into vv; r proceed- 
ing from the platinum wiU then 
be the positive, and k proceeding from the zinc the negative pole. 

Bunsen contiived a battery which has taken his name, and 
which, while it retains all the efficiency of Ghrove's, can be con- 
structed at much less expense, the platinum element being replaced 
by the cheaper material of charcoal. 

In the vessel vv h inserted, instead of a hollow cylinder of 
platinum, a solid cylindrical rod of charcoal, made from the 
leddaum taken from the retorts of gas-works. A strong porous 
mass is produced by repeatedly baking the pulverised coke, to 
which the required form is easily imparted. Dilute sulphuric acid 
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is then poiired into the vessel y y, and concentrated nitric 
into V V, The electric fluid issues &om a wire connected with 
charcoal, and returns by one connected with the zinc. 

Messrs. Deleuil and Son, of Paris, haye fabricated batteries 
this principle with great success. I have one at present in 
consisting of fifty pairs of zinc and carbon cylinders, the zinc beiii^' 
2| inches diameter, and 8 inches high, which performs yetf 
satisfactorily. 

The chief advantage of Daniel's system is that from which it 
takes its name, its constancy. Its power, however, in its moflt 
efficient state, is greatly inferior to that of the carbon or platinum 
systems of Bunsen and Grove. *A serious practical inconvenienoOi 
however, attends all batteries in which concentrated nitric acid is 
used, owing to the diffusion of nitrous vapour, and the injury to 
which the parties working them are exposed by respiring it. In 
my own experiments with Bunsen's batteries the assistants have 
been often severely affected. 

In the use of the platinum battery of Grove, the nuisance pro* 
duced by the evolution of nitrous vapour is sometimes mitigated 
by enclosing the cells in a box, from the lid of which a tube 
proceeds which conducts these vapours out of the room. 

In combinations of this kind, Br. O'Shaugnessy substituted - 
gold for platinum, and a mixture of two parts by weight of 
sulphuric acid to one of saltpetre for nitric acid. 

The method of producing the electric fluid by the mutual action 
of magnets and bodies susceptible of magnetism will be described 
hereafter. 

35. Although each of the simple combinations described above 
would produce an electric current, which, being transmitted upon a 
conducting wire, would be attended with effects sufficiently distinct 
to i{Lanifest its presence, such a current would be too feeble in its 
intensity to serve the purposes of a telegraphic line ; and as no 
other simple voltaic combination yet discovered would give to a 
current the necessary intensity, the object has been attained by 
placing in connection a series of such combinations, in such a 
manner that the currents produced by each. of them being trans- 
mitted in the same direction, on the same conducting wire, a 
current having an intensity due to such combination may be 
obtained. 

Such a series of simple voltaic combinations, so united, is called 

a VOLTAIC BATTEHY. 
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36. One of the most simple forms of voltaic battery is that 
represented in fig. 6, which consists of a glazed earthen- 

_. ^ ware trough, divided by 

partitions into ■ a series of 
parallel cells, and a series of 
zinc and copper plates, a's', 
of shape and magnitude cor- 
responding with the ceUsy 
attached to a wooden rod, 
each copper plate being 
B connected at the top, under 
the wood, by a band of 
metal, with the zinc plate 
which immediately succeeds 
it in the series. For brevity, let us designate the first copper plate, 
Cj, the second c,, the third, c,, and so on, proceeding from. Af 
towards b', and let the first zinc plate, which is connected with c,^ 
by a metal band, be called z,, the next, which is similarly ocmnieeted 
with c,, be called z,, and so on from A' towards b'. Now, tJ^e 
intervals between the plates being so arranged as to correspond 
with the width of the cells, the series of plates may be let down 
into the cells so that a partition shall separate every pair of plates 
which are connected by a metal band. Thus, the first partition 
will pass between c^ and Zg, the second between Cg and Zj, the third 
between c, and z^, and so on. It appears, therefore, that the first 
cell proceeding from A towards b will contain only the copper plate 
c^, the second will contain c, and z^, the third, C3 and Z3, and so 
on, the last cell at the extremity B of the series containing only 
the last zinc plate, which we shall call z.. 

"NoWy it is evident that as the arrangement thus stands, the first 
and last cells of the series would difier from the intermediate ones, 
inasmuch as, while each of the latter contains a pair of plates, 
each of the former contains only a single plate, the first copper 
c^ and the last zinc z^. To complete the arrangement, therefore, 
it will be necessary to place a zinc plate, which we shall call z^, in 
the first cell to the left of c^, and so as not to be in contact with it, 
and in like manner a copper plate, which we shall call c., in the 
last cell B to the right of z., and so as not to be in contact with it. 
Let wires be soldered to the upper edges of these terminal plates 
z^ and c„, and let them be carried to any desired distances, but 
finally connected with plates, or any other masses of metal, buried 
in the ground at n' andy, ^g, 7. 

These dispositions being made, let us suppose the cells to be 
filled with a weak acid solution, such as has been already described, 
but 80 that the liquid in one cell may not oveifiow into the next. 
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A. current of electricity will now be established along the wire 
passing as indicated by the arrows, irom the last copper plate at F, 




to QiB earth at j/, and retuming by n' to the first zino plate z„ 
atK. 

This eiuTent is produced bj the combined Toltaio action of all 
the pairs of plates contained in the cells of the trough. 

37. The current produced by the combination z^ o„ in the first 
cell, will flow from the plate c, by the band of metal to the plate 
E„ in tlie second cell. It will follow tliis coutbc because of the 
oonduotjng power of tlie metals, and tlie insulating power of the 
wood and eartbcnwafe, which prevents its escape. From the plat« 
z, it win pass through the acidulated water to the plate c,, for 
although this water has not a conducting power equal to that of 
metal, it has nevertheless sufficient to continue the current to c,. 
From c, it will pass by the band of metal to z„ and from that 
through the liquid in the third cell to c„ and &om that by the 
metal to z,, and so on until it arrives at the last plate c, of the 
series, from which it will pass, by the conduoting wire, from F toj/. 

It is evident, therefore, that tlie current produced by the voltaic 
combination in the first cell must paes snccesaively through the 
plates and liquid in all tiie cells before it eon arrive at P. 

In the same manner it may be shown that tbe current produced 
in the second cell containing £, and Cg must pass througb all the 
succeeding cells before it can reach p, and so of all the others. 

38. Kow, if the metals and liquid were perfect conductors, each 
of these currents would arrive at P with undiminished force, and 
then the current upon the wire r p' would be aa many times more 
intense than a, current produced by a single voltaic combination as 
tliere are cells. But this is not so. The metals copper and zinc, 
though good conductors, are not perfect ones, and tlie acidulated 
water is a very imperfect one. The consequence is, that the 
currents severally produced in each of the cells, suffer a consider- 
able loss of force before they arrive at tiie conducting wire pji"; and 
mathematical formulEc, based on theoretical ^riiiJW^XearaA-^fCT^'ai^ 
data, hare been contrived to cxpressmeadi cub \iia efisiAa •A'Ciia 
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diminutioii of force due to the imperfect conducting power, or the 
TQmtancey as it lias been called, of the elements of the battery. 

"Without going into the reasoning upon which these investiga- 
tions are founded, it will be sufficient for our present object to 
state, that in all cases, a current of greater or less force is trans- 
mitted to the terminal plate of the series from each of the cells, no 
matter how numerous they may be, and in some cases batteries 
haye been constructed and brought into operation, in scientific 
researches, which consisted of as many as two thousand pairs of 
plates. 

39. To simplify the explanation, as well as because the form 
described is very generally used for telegraphic purposes, we have 
here selected the plate battery to illustrate, the general principle 
upon which all voltaic combinations are founded. In fig. 8 is 

represented the dispo- 
^•8» sition of the cylinders 

in a battery formed on 
the principles of D^el 
or Grove, where the 
metallic connection of 
each copper or charcoal 
element of one pair, 
with the zinc element 

of the succeeding pair, is represented by a rectangular metallic bar 

or wire. 

40. Each combination of two metals, or of one metal and char- 
eoal, which enters into the composition of a battery, is usually 
oalled a faib, and sometimes an element. Thus, a battery is 
said to consist of so many paiks, or so many elements. 

The end of the battery from which the current issues is called 
its POSITIVE POLE, and that to which it returns is called its 
NEGATIVE POLE. Thus, in the batteries explained above, p is the 
positive, and N the negative pole. 

Since in the most usual elements, zinc and copper, the current 
issues &om the last copper plate, and returns to tne first zino 
plate, the positive pole is sometimes called the coppeb pole, and 
the negative the zinc pole. 

41. The voltaic battery is sometimes called the voltaic pile. 
This term had its origin from the forms given to the first voltaic 
combination by its illustrious inventor. 

The first pile constructed by Volta was formed as follows : — A disc 
of zino was laid upon a plate of glass. Upon it was laid an equal 
disc of doth or pasteboard, soaked in acidulated water. Upon this 
vas laid an equal disc of copper. Upon the copper were laid, in 
the same order, three discs of zinc, wet cloth, and copper, and the 



VOLTAIC PILE. 

same snperposition of the same combinatioaa of zino, olotli, and 
copper, was continned nntU the pile waa eompleteiL The highcbt 
disc (of copper) was then the positive, and the lowest disc (ot line) 
the negative pole, according to the principles abeadv erplainod. 

It was luual to keep the discs in theii plaoes hj confining them 
between Tods of glass. 

Such a pile, with condiioldng wires connected ^^- >■ 

with its poles, is represented in fig. 9. 

42. As the batteries used on t^legraphio 
lines are liable to frequent removal from place 
to place while chained with the aoiduloted 
water, or other eiciting liquid, it has been. 
found desirable to contrive means to prevent 
Ench liquid from being spilled, or thrown from 
cell to oell. This has been perfectly accom- 
plished by the simple expedient of filling t)ie 
oella with silicious sand, which is kept satu- 
mtcd with the exciting liqnid so long as the 
batterj is in operation. 

43. It is often ncoeasory, in felegraphio 
operations, to vary &e intensity of the current. 
This is accomplished, within certain limits, 
withoat changing the hatt«ry, in the following 

If it be desired to give the full force of 
the battery to the current, the wires are 
Attached to the terminal plates, so that the 
entire battery is between them. But if any 
less intensity is desired, the wires, or one of 
them, is attached to intermediate plates, so 
that they shall include between them a part 
«nly of the battery. The part included between them is alone 
active in producing the current, all the elements which are outside 
the wires being passive. The battery, in effect, is converted into 
4me of fewer elements. 

Provisions are made, which will be expluned bereafCer, by 
which the operator can, by a touch of the hand, thus vary the 
force of the battery. 

44. The batteries generally used for the English telegraphs 
ore those described in (36). They are nanally chaiged with 
■and, wetted with water mixed with sulphnric aoid, in the pro- 
portion of about one part of strong acid to fifteen of water. A 
more, intense current could be produced by using a stronger 
solntion, bnt it is foimd preferable to augment ita iatean.t^ \^ 
increasing the number of plates in Qia ^mtteiy. Tb« %^iiv«a&u^st& 
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of the plates are generally four to five incheB wide, and three to 
four inches deep. The thickness of the zinc plates is something 
less than a quarter of an inch. The cells are filled with sand to 
within an inch of the top, and the parts of the plates aboye th6 
sand are yamished as a protection against corrosion, and to keep 
them clean. In general, the troughs are made either of glazed 
gutta percha or some oompact wood, such as oak, or teak, made 
water-tight by cement or marine glue. When the trough is wood 
the partitions of the cells are slate, the width of each cell being 
one inch and a quarter to one inch and a half. The troughs 
contain, some twenty-four, and some twelve cells. 

Batteries of this sort, consisting of twenty-four cells, give a 
current of sufficient force for a line of wire of 15 miles. For 
50 miles, 48 cells, and for 75 miles, three troughs of 24 cells are 
required. Mr. "Walker considers that these batteries give super- 
fluous force, but that it is necessary to provide against the 
contingency of leakage by accidental defects of insulation. 

45. The. durability of these batteries is increased by amalga* 
mating the zinc plates. This is effected by first washii^ them in 
acidulated water, and then immersing them in a bath of mercury 
for one or two minutes. The mercury will combine with the zino 
and form a superficial coating of the amalgam of zinc. When they 
are worn by use, they may be restored, by scouring them, and 
submitting them to the same process, and tiiis may be continued 
until the zinc become too thin to hold together. 

Mr. Walker states that new batteries, when carefully put 
together, will, with care, do duty for six or eight months, when 
the work is not very heavy ; and by washing the sand out with a 
flow of water, and refilling them, they have £requently remained 
on duty ten or twelve months, or even more, without having been 
sent in for re-amalgamation.* 

46. Having explained, generally, the manner in which the 
electric current is produced and maintained, I shall now proceed to 
Explain the various expedients by which it is conducted from station 
to station, along the telegraphic line, and by which injurioni 
waste by leakage or drainage is prevented or diminished. 

The conducting wires used for telegraphic lines are of iron; 
usually the sixth of an inch in diameter. On all European lines 
they are submitted to a process called galvanisation, being passed 
through a bath of liquid zinc, by which they become coated with 
that metal. This zinc surface being easily oxydable, is soon, by 
the action of air and moisture, converted into the oxyde of zinc, 
which, being insoluble by water, remains upon the wire, and 
protects the iron from all corrosion. 

- g . . , « EL Tel. Mauip., p. 8. 
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Wlieii a great length of wire is to be stretched between two 
distant points without intermediate support, steel wire* is often 
preferred to iron, in consequence of its greater strength and 
tenacity. 

Copper being a better conductor of electricity than iron, as well 
as being less susceptible of oxydation, would on these accounts be 
more eligible for telegraphic purposes. Its higher price, and the 
possibility of oompensation for the inferior conducting power of 
iron, by using greater battery power, has rendered it preferable 
to use that metaL 

47. Mr. Highton, the inventor of some important improyements 
in telegraphic apparatus, affirms that, when galvanised iron wires 
pass through large towns where great quantities of coal are 
burnt, the sulphureous acid gas resulting &om such combustion 
acting upon the oxyde of zinc which coats the conducting wire, 
converts it into a sulphate of zinc, which being soluble in water, 
is immediately dissolved by rain, leaving the iron improtected. 
The wire consequently soon rusts, and is corroded. Mr. Highton 
says, that in some cases he has found his telegraph wires reduced 
by tliis cause to the thinness of a^ common sewing needle in less 
than two years. 

The wires used on the American lines are of iron, similar to the 
European, but are not galvanised. They soon become coated with 
their own oxyde. A pair of galvanised wires have been placed 
between New York and Boston, and I have been informed by Mr. 
Sha&er, the secretary of the American Telegraph Confederation, that 
at certain times during the winter, it has been found that they were 
unable to work the telegraph with these wires, while its operation 
with the wires not galvanised, was uninterrupted. Mr. Shaffiier 
also states that several anomalous circumstances have been mani- 
fested upon some extensive lines of wire erected on the vast 
prairies of Missouri. Thus, in the months of July^ind August, it 
is found that the telegraph cannot be worked from two to six in the 
afternoon, being the hottest hours of the day. These circumstances 
are ascribed to some unexplained atmospheric effects. 

48. The manner in which the conducting wires are carried from 
station to station is weU known. Every railway traveller is familiar 
with the lines of wire extended along the side of the railways, 
which, when nimierous, have been not unaptiy compared to the 
series of lines on which the notes of music are written, and which 
are the metallic wires on which invisible messages are flying con- 
tinually with a speed that surpasses imagination. These are sus- 
pended on posts, erected at intervals of about sixty yards, being 
at the rate of thirty to a mile. They therefore supply incidentally 
a convenient means by which a passenger can ascertain the speed 
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of the train in which he travels. If he count the niunber of 
telegraph posts which pass his eye in two minutes, that number 
will express in miles per hour the speed of the train. 

49. Since the current of electricity which flows along the wire 
has always a tendency to pass by the shortest route possible to tiie 
ground, it is evident that the supports of the wires upon them 
posts ought to possess, in the highest attainable degree, the pro- 
perty of insulation ; for even though the entire stream of eleetrieal 
fluid might not make its escape at any one support, yet if a little 
escaped at one and a little at another, the current would, in & 
long line, be soon so drained that what would remain would be 
insufficient to produce those effects on which the efficiency of the 
telegraph depends. Great precautions have therefore been taken, 
and much scientiflo ingenuity has been expended in contriving 
supports which shall possess, in the highest attainable degree, the 
property of insulation. ' 

50. To each of these posts or poles are attached as many tubes or 
rollers, or other forms of support, in porcelain or glass, as there are 
wires to be supported. Each wire passes through a tube, or is 
supported on a roller ; and the material of the tubes or rollers being 
among the most perfect of the class of non-conducting substances, 
the escape of the electricity at the points of contact is impeded. 

Notwithstanding various precautions of this kind, a considerable 
escape of electricity still takes place in wet weather. The coat of 
moisture which collects on the wire, its support, and the post, 
being a conductor, carries away more or less of the fluid. Conae- 
quentiy, more powerful batteries are necessary to give effect to the 
telegraph in wet than in dry weather. 

In England, and on the Continent, the material hitherto used 
for the supports of the wires is principally a sort of earthen or 
stone ware. In the United States it is generally glass. 

51. The forms of these insulating supports are various. Tubes, 
rings, collars, and double cones, are severally used. The material 
used most commonly in England, a sort of brown stoneware, has 
the advantage, besides being a good insulator, of throwing off wet, 
as water falls from a duck's wing, leaving the surface dry. A pitcher 
of this ware, plunged in water, scarcely retains any moisture upon it* 

52. The posts vary generally from 15 to 30 feet in height, the 
lowest wire being about ten feet above the ground, except in 
cases where greater height is required to allow vehicles to pass 
under it, as when the wires cross a common road, or pass from 
one side cf the railway to the other. The poles are about 6 
inches square at the top, and increase to 8 inches at the bottom* 
In some cases they are impregnated with certain chemical solutions, 
to preserve them from rotting, and are generally painted, the parts 
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Fig. 10. 



irliioh are in the ground being oharred and tarred. The milinner 
of treatment, however, yaries in different countries. 

5S. In figs. 10 and 11 are 
represented different forms of 
rapports used in England. 
To oroes-pieees of wood, A a', 
bolted upon the post (fig. 10), 
axe attached balls, b, of stone- 
ware, as described above, in 
which grooves or slits are 
fbrmed to receive and support 
the wires. • These supports 
axe protected from rain and 
from tiie deposition of dew by 
hoods of zinc-coated iron 
placed over them. Glass being 
so much better an insulator, 
balls of that material are re- 
cently being substituted for 
tiie stoneware. 

Another form of support, 
sheltered by asortofslopingroofy is representedinfig. 11. On the front 
of the post is a wooden arm to which a series of stoilie-ware rings are 



Fig. II. 






attached, through which the wires pass. These rings have the form 
ef two truncated cones placed with their larger bases in contact. 

It is usual, where the wires are numerous, as on some of the 
lines near London, to attach these supports both to the front and 
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back of the post. So many as thirteen of these supports may bo 
seen upon some of the "posta of the North- Western line near 
London. The wires supported on some of these are continued to 
Liverpool and Manchester, and some eyen to Glasgow. 

54. If the same wire were carried over a succession of supports 
for a certain distance, they would after a certain time become 
slack and hang in ottrves between post and post. This would be 
attended with great inconyenience and confusion, inasmuch as 
one wire— especially when agitated by wind — ^would come in ooaa- 
tact with another, so that the currents running along them would 
pass from one to anotiher, and the proper signals conyeyed by 
such currents would no longer reach their destination. 

To prevent this, appai^tus for tightening the wire are on all 
such lines provided at convenient distances, such as half-a-mile, 
upon posts which are thence called winding posts. These posts 
are of larger dimensions than the ordinary posts. A grooved 
drum, on which the wire is wound, is attached to them by a bolt^ 
which passes through the post, but clear of the wood. Upon this 
bolt is fixed a ratchet wheel by which the drum may be tamed 
in one direction^ so as to coil the wire upon it, with. a catch whidi 
prevents its recoH in the other direction, and therefore maintains 
the tension of the wire. The bolt is kept from contact with the 
post by passing through a stoneware collar. 

The current passes through the winder and the bolt, these 
being metallic, but in case of any interruption arising front the 

Fig. 12. 




oxydation of their surfaces a supplemental piece of eondnotiBg 
wire ia provided, which connects the main wires at points taken 
above and below the winding post, qb T«^ift^«!i\ft^ Va.^* VI, 
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55. In France the posts axe from twenty to thirty feet high^ 
plaeed at distances yarying from sixty to seventy yards asunder, 
and sunk to a depth of from three to seyen feet in the ground. 
They are impregnated with sulphate of copper to preserve them 
from rotting by damp. 

The conducting wire rests in an iron hook, which is faste^d 
by sulphur into the highest part of the cayity of an inverted 
belly formed of porcelain, from which two ears project, which are 
screwed to the post. 

A section of this apparatus is given in fig. 13, and a side view 
in fig. 14, the figures being one-fifth of the actual magnitude. 

The winding posts are placed at distances of a kilometre (six* 
tenths of a mile). The apparatus used for tightening the wire 
eofnsists of two drums or rollers, 
each carrying on its axis a ratchet *^ ^* ^** 

wheel with a catch. These drums 
are moimted on iron forks formed 
at the ends of an iron bar, which 
is passed through an opening 
in a porcelain support, and se- m^^^A^^^ ^ 
cured in its position by pins> the )ft 

porcelain support being attached 
to the post by screws passing through ears projecting from it. 

A front view of this winding apparatus is given fig. 15 ; a 

Kg. 15. 
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side view of the porcelain support showing the opening through 

which the iron bar is passed, and the screws by which it is 

attached to the post, is given ia ^, 16. 

These figures are one-fifth ot the real 

magnitude of the apparatus. 

. The conducting wires used in France 

are similar to those used on the English 

lines. 

56. The insulating supports of the 
wires used on the American lines are 
very various in form. 

The supports upon the principal 
Idotse lines consist of a glass knob, 
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Fig. 18. 




lig. 17, upon which two projecting rings are raised in the 

groove between which the wire is wrapped. This glass knob 

^g^ 1^^ is attached to an iron shank 

as represented in fig. 18, which 

is driven into the post. 

Another form of support 
used on these lines is repre- 
sented in fig. 19, which consists 
of two rectangular blocks of 
glass, in each of which is a semi- 
cylindrical groove corresponding with the thickness of the con- 
ducting wire, so that the wire being laid in the groove of one 
of them, and the other being laid upon it, will be completely 
enclosed within the block of glass produced by 
their union. These blocks of glass are surrounded 
and protected by a larger block of wood, as repre- 
sented in the figure, where the white part represents 
the glass, and the ^aded part the wood. 

The supports are sometimes attached to the sidea 
of the posts, and sometimes placed upon an hori- 
sontal cross bar, as represented in fig. 20. 



Fig. 19. 
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Fig. 20. 
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The supports used in House's lines consist of a glass cap about 
five inches in length and four inches in diameter, having a 
coarse screw-like surface cut inside and out. This glass oi^ 
(2) fig. 21 is screwed and cemented into a bell -shaped iron 
cap (1) £rom three to four pounds, in weight, projecting an 
inch below the lower edge of the glass, protecting it from 
being broken; this is fitted with much care to tiie top of 
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tha pole (3), and is covend vith pitmt or Tarnisli. The eon- 

dneting wire is fastened to the b^ of the cup hy projeotaug 

iron points, and the whole of the iron cap is thus in the oiniuit, a« 

the wire is of iron and not insulated. To 

prevent the deposit of moisture, tlie glass is ^'^' ^'' 

eavei«d by a varnish of gum-bo dissolved 

in aioohol, and the ring-like form of the 

glass is to oanse any moisture to be 

oarried to the edge and there drop off.* 

The vires on the Ameiioan lines are 
liot usually galvanised. 

67. One of the forms of insulating sup- 
port tued on the German lines is repre- 
sffiited in £g. 22, and consists of an 
insulating cap plaoed on the tapering end 
of a post T. The post terminates in a 
point c, an inch and a half in length 
and about six lines in diameter ; this 
pole is ooTered with a porcelain cap d d, 
k sort of reversed cup ; on its summit e 
with lead, in which the conducting wire 
h h enters ; this insulator b then covered 
with a roof. 

' S8. It may be asked what prevents 
the escape of the electric fluid from 
the sorfaoe of the wire between post 
and post F In general when wires are 
used on a smaller scale for the tran»- 
tnisnim of electric, currents, the escape 
of the fluid b preTonted by wrtqiping 
them with siik or cotton thread, whioh 
tlnu forms a non-con ducting cover 
upon them, but on the scale on whioh 
they are used on tolegraphic lines 
the excuse of this, independently 
of the diffloidty of protecting such oovenng from destruction by 
weather, would render it inadmissible. 

fi9. The atmosphere, when dry, is a good non-conductor , but 
this quality b impaired when it b moist In ordinary weather, 
however, the air being a sufficiently good non-condnctor, a 
metallic wire will, without any other insulating envelope except 
tihe air itself, conduct the stream of eleotneity to the neoessary 
distances. It is tiMie that a coated wire, such as we have 
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described, would be subject to less waste of the electric fluid en 
route ; but it is more economical to provide batteries sufficiently 
powerful to bear this waste, than to cover such extensive lengths 
of wire with any envelope. 

60. Atmospheric electricity having been found to be occasion- 
ally attracted to the wires, and to pass along them, so as to 
disturb the indications of the telegraphic instruments, and 
sometimes even to be attended with no inconsiderable danger 
to those employed in working the apparatus ; various expedients 
have been contrived for remoVing the inconvenience and averting 
the danger. The current produced by this atmospheric electricity 
is often so intense as to render some of the flner wires used in 
certain parts of the apparatus at the stations, red hot, and 
sometimes even to fuse them. It also produces very injurious 
effects by demagnetising the needles, or imparting permanent 
magnetism to certain bars of iron included in the apparatus, 
which thus become unfit for use. 

61. One of the expedients used for the prevention of these 
inconvenient and injurious effects is to place common lightning 
conductors on the posts. The points of these are shown upon the 
posts in figs. 10, 11, and 12. 

62. Mr. Walker of the South Eastern Company and M. Bre- 
guet of Paris, have each invented an instrument for the better 
protection of telegraphic stations from atmospheric electric dis- 
charges. Both these contrivances have been found in practice to 
be efficacious, and though differing altogether in form they are 
eimilar in principle. In both, a much finer wire than any which 
lies in the regular route of the current is interposed between the 
line wire and the station, so that an intense and dangerous 
atmospheric current must first pass this fine wire before reaching 
the station. Kow it is the property of such a current to raise the 
temperature of the conductor over which it passes to a higher 
and higher point in proportion to the resistance which such con- 
ductor offers to its passage. But the resistance offered by the 
wire is greater in the same proportion as its section is smaller. 
The safety wire interposed in tjiese contrivances is, therefore, of 
such thinness that it must be fused by a current of dangerous 
intensity. The wire being thus destroyed all electric communi- 
cation with the station is cut off, and the extent of the incon- 
venience is the temporary suspension of the business of the line 
until the breach has been repaired. 

Expedients are used on the American lines to divert the 

atmospherio electricity from the wires, consisting merely of a 

number of fine points projecting &om a piece of metal connected 

with the earth by a rod of metal« These points are presented to 
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a metal plate, or other surface, attached to the line wire at the 
place where it enters the station. It is found that these points 
attract the atmospheric electricity, which passes to the gronnd by 
the conductor connected with them, but do not attract the 
electricity of the battery current. 

63. The wires extended from post to post ore continued in passing 
the successive stations of the line. The expedients by which the 
current is turned aside from the main wire, and made to pass through 
the telegraphic office of the station, differ more or less in their 
details on cUfferent lines and in different countries, but are founded 
on the same general principles. It will therefore be sufficient here 
to describe one of those commonly used on the British lines. 

The conducting wire of the main line in passing the station is 
cut and the ends jointed by a shackle, as represented in fig. 12, 
in the case of a winding post. This shackle breaking the 
metallic continuity would stop the course of the current. A wire 
is attached to the line wire below the shackle so as to receive the 
current which the latter would stop, and is carried on insulating 
supports into the telegraphic office and put in connection with the 
telegraphic instrument. Another wire connected with the other 
side of the instrument receives the current on ' leaving it, and 
being carried back on insulating supports to the line wire, is 
attached to the latter above the shackle, and so brings back the 
current which contraues its progress along the line wire. 

64. Although the mode of carrying the conducting wires at a 
certain elevation on supports above the ground has been the most 
general mode of construction adopted on telegraphic lines, it has 
been found in certain localities subject to difficulties and incon- 
venience, and some projectors have considered that in all cases it 
would be more advisable to carry the conducting wires underground. 

This underground system has been adopted in the streets of 
London, and of some other large towns. The English and Irish 
Magnetic Telegraph Company have adopted it on a great extent 
of their lines, which overspread the country. The European 
Submarine Telegraph Company has also adopted it on the line 
between London and Dover, which follows tiie course of the old 
Dover mail-coach road by Gravesend, Rochester and Canterbury. 

65. The methods adopted for the preservation and insulation of 
these underground wires are various. 

The wires proceeding from the central telegraph station in 
London were wrapped with cotton thread, and coated with a 
mixture of tar, resin, and grease. This coating forms a perfect 
insulator. Nine of these wires are then packed in a half-inch 
leaden pipe, and four or five such pipes are packed in an iron pipe 
about tiiree inches in diameter. These iron pipes are then laid 
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under the foot pavements, along the sides of the streets, and a 
thus conducted to the terminal stations of the various railway 
where they are imited to the lines of wire supported on pos 
along the sides of the railways, already described. 

More recently, however, the wires deposited in the unde 
ground pipes are insulated altogether by means of a coating ai 
envelope of gutta-percha. 

The Electric Telegraph Company has at present (August, 185 
no less than fifteen miles of this underground piping laid aloi 
the streets of London, containing three hundred and fifty miles 
gutta-percha covered conducting wire. 

Since the paragraph (54) was put in type, we learn that t 
same company has abandoned the winding posts, and that ti 
wires are tightened on every common post by means of a fi: 
wire or strong tarred yam, so that the expansion and conseque: 
slackening of the conducting wire can only take place betwd 
post and post. 

66. Provisions, called testing posts, are made at intervals of 
quarter of a mile along the streets, by which any failure 
accidental irregularity in the buried wires can be ascertaine 
and the place of such defect always known Vithin a quarter 
a mile. 
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CHAPTEB III. 

67. Wirea of Magneto-electric Telegraph Campanj. — 38. Hr. Eright's 
methoil of detecting fault; points. — 69. Suc^ &jlure of imialatioii 
rare. — 70. TJadergrounii method recently ahondoned in PniSMH.- — 
71. Uodergronnd wiree of the Europeaa and SnbmaiiDe Compon;. 
—72. Imperfect insulation in tunnels. —73. Mr. Walker's method of 

Pemedjing this 74. Overgiound ajetem adopted through the Btreeta 

of cities in France, and m the United Statea.— 7B. Telegraphio lineg 
need not follow rulways.- — 73. Do not In America nor in certain 
parte of Bnropa. — 77. Submarine cablee. — 78. Cable connecting Dover 
and Calaia.-— 78. Failoto of first attempt — Improved atmcture. — 
80. Table of submarine cables and their dimeaaiana. — Bl. Dimenmon^ 
and Btructnre of the Dover and Calaja cable. — 82. Holjbead and 
Howth cable. — 83, First attempt to laj cable between Portpatrick 
and Donaghadee— its bilore.- 84. Dover and OMend.— 8G. Fort- 
patiidc and Donaghadee. — 86. Orfbrdnesa and the Hague. 

67. The wires of the Ua^etio Telegraph Company are laid and 
protected in the following mauner, 
Linnna'a Ucieum or Souehob. & 145 
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Ten conducting wires are enveloped i 
peroha, m as to bo completely Bepomted oi 
prepared they arc deposited in a squaie crcosoted woodtn trough 
measniing three inches in the side, so that nearly a square inch 
of its cross wction is allowed for each of tbo wires. This trough 
is deposited on tlie bottom of a trench cut two feet deep along the 
side of the common coaeh road, A galviuusGd iron lid, of about 
on eighth of an inch thick, is then &stencd on by chunps or small 
tenter hooks, and the trench filled in. 

A seetdon of the trough in its actual size is given in fig. 23. 



Fig £3— OiUrsui 




Creosoted Doal TroughiuK- 

The method of laying the wires in the streets adopted by this 
company is a little different. In this case iron pipes are laid, but 
they oro split longitudinally. The under halves are laid down 
in the trench, and the gutta-percha covered wires being deposited, 
the upper halves of the pipes arolQidonandsccnredin their places, 
by means of sraews through flanges left outside for the purpose. 

To deposit the rope of gntta-percha-oovered wires in the 
trough it is first coiled upon a large drum, which being rolled 
along slowly and uniformly over the trench, the rope of wires is 
payed off easily and evenly into its bed. 

80 well has this method of laying the wires succeeded that in 
^aJinipool the entire distance along the streets from Tithe Bam 
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Eailway station to the Telegf apL Company's offices in Exchange 
Street, East, was laid in eleven hours; and in Manchester the 
line of streets from the Salford Railway station to Ducie Street, 
Exchange, was laid in twenty-two hours. This was the entire 
time occupied in opening the trenches, laying down the telegraph 
mres, refilling the trenches and relaying the pavement. 

68. One of the objections against the underground system of 
conducting wires, was, that while they offered no certain guarantee 
against the accidental occurrence of faulty points where their 
insulation might be rendered imperfect, and where, therefore, the 
current would escape to the earth, they rendered the detection of 
such faulty points extremely difficult. To ascertain their position 
required a tedious process of trial to be made from one testing 
post to another, over an indefinite extent of the line. 

A remedy for this serious inconvenience, and a ready and 
certain metiiod of ascertaining the exact place of such points of 
£Eiult without leaving the chief, or other station at which the 
agent may happen to be, has been invented and patented ^by the 
Messrs. Bright of the Magnetic Telegraph Company. 

Instruments called Galvanometers, which will be more folly 
described hereafter, are constructed, by which the relative intensity 
of electric currents is measured by their effect in deflecting a 
magnetic needle from its position of rest. The currents which 
most deflect the needle ^ve the greatest intensity, and currents 
which equally deflect it have equal intensities. 

The intensity of a current diminishes as the length of the con- 
ducting wire — ^measured from the pole of the batterj- to the point 
where it enters the earth — ^is augmented. Thus, if this length be 
increased from twenty miles to forty miles, the intensity of the 
current will be decreased one half. 

The intensity of the current is also decreased by decreasing the 
thickness of tie conducting wire. Thus the intensity, when 
transmitted on a very thin wire, will be much less than when 
transmitted on a thick wire of equal length ; but the thick wire 
may be so much longer than the thin that its length will com- 
pensate for its thickness, and the intensity of the current trans- 
mitted upon it may be equal to that transmitted on the shorter 
and thinner wire. 

The method of Messrs. Bright is founded upon this property 
of coirents. A fine wire wrapped with silk or cotton so as to 
insulate it and prevent the lateral escape of the current, is rolled 
upon a bobbin lie a spool of cotton used for needle- work. A con- 
siderable length of fine wire is thus comprised in a very small bulk. 

The wire on such a bobbin being connected by one end with the 
wire conducting a current, and by the other end with the earth, 
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will transmit the current with a certain intensity depending on 
its length, its thickness, and, in fine, on the conducting power of 
the metal of which it is made. 

Now let us suppose that a certain length of the wire of the 
telegraphic line be taken, which will transmit a current of ^e 
same intensity. A galvanometer placed in each current will 
then be equally deflected. But if tiie length of the line wire be 
less or greater than the exact equivalent length, the galvanometer 
will be more or less deflected by it than it is by the bobbin wire, 
according as its length is less or greater. 

It is, therefore, always possible by trial to ascertain the length 
of line wire, which will give the current the same intensity as 
that which it has upon any proposed bobbin wire. 

Bobbins may therefore be evidently made carrying greater 
or less lengths of wire upon which ike current will have the 
same intensity as it has upon various lengths of line wire. 

Suppose then a series of bobbins provided, which in this sense 
represent various lengths of line wire from 100 feet to 300 miles, 
and let means be provided of placing them in metallic connection 
in convenient cases. 

Such an apparatus is that by which the Messrs. Bright detect 
the points of fault. 

Let B be the station battery, a a galvanometer upon the line 
wire, F the point of fault at which thd current escapes to the 

Fig. 24. F 
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earth, in consequence of an accidental defect of 
the insulation. Let a wire be attached to the line 
wire of the station, at o, and let it be connected 
with the first of a series of bobbins such as are 
described above ; let a galvanometer, similar to o, 
be placed upon it at &'• Let a metallio arm a c, 
turning on the point A, be so placed that its ex- 
tremity c shall move over the series of bobbins, 
and that by moving it upon the centre a, the end 
c may be placed in connection with the wire of 
B P any bobbin of the series. Let a be connected by 

a conducting wire with the earth at e', the nega- 
tive pole of the battery B being connected with the earth at £. 

The apparatus being thus arranged, let us suppose that the 

wire A c is placed in connection with the first bobbin, representing 

10 miles of the line wire, and that the distance a P of the point of 

&ult is 145 miles. Li that case the battery current will be 
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divided at o, between the two wires o g and o g', but the chief 
part will flow by the shortest and easiest route, and the galvano- 
meter G' will be very much, and g very little, deflected. This will 
show that r must be very much more than 10 miles from the 
station. The arm a. c will then be turned successively from bobbin 
to bobbin. When directed to the second bobbin, the current on 
o g' will have the same intensity as if it flowed on 20 miles of 
line vnre, when turned to the third the same as if it flowed on 30 
miles of line wire, and so on. The needle of g' will, therefore, 
continue to be more deflected than that of G, although the dif- 
ference will be less and less, as the number of bobbins brought 
into the circuit is increased. When the bobbins included 
represent 140 miles, g' will be a little more, and when they 
represent 150 miles it will be a little less deflected than g, from 
which it will be inferred that the point of fault lies between the 
140th and the 150th mile from the station. A closer approxima- 
tion may then be made by the introduction of shorter bobbins, and 
this process may be continued until the place of the fault has been 
discovered with all the accuracy necessary for practical purposes. 

69. It appears nevertheless, that in the practical working of the 
telegraphic lines, occasions for the application of these expedients 
are of extremely rare occurrence. During the four winter 
months of November, December, January, and February 1853-54, 
distances of 300 miles of underground wire, without any break of 
circuit, have been in constant operation under the Magnetic 
Telegraphic Company, and notwithstanding an unusual pre- 
valence of unfavourable weather, with frequent and continued 
snow-storms, no stoppage whatever has taken place. 

70. llie Prussian underground lines of wire have been attended, 
however, with occasional failures, which have produced some public 
inconvenience. This circumstance has been ascribed to the faulty 
method of laying the wires. The g^tta-percha enveloping them 
was mixed with sulphur, a process called Vulcanisation, Upon 
being deposited in ike ground the sulphur was soon abstracted, 
leaving the gutta-percha brittle and porous. 

71. The under-ground line of the European and Submarine 
Company, from London to Dover, is laid down in nearly the same 
manner as that of the Magnetic Company. There are six conduct- 
ing copper wires encased in gutta percha. To detect the more 
easily the place of any accidental breach of continuity, a box 
is placed at the end of each mile, in which a few yards of the 
continuous line of wire are coiled, so that in case of any accidental 
interruption occurring to the flow of the current, the particular 
mile in which that interruption exists can always be ascertained 
by putting the coils at the end of each successive mile in 
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connection with a portable battery. The cnrrent will fail at the 
particular mile within which the fault has taken place. 

72. In passing through tunnels the oyerground wires have 
been subject to great inconvenience, owing to the quantity of 
water percolating through the roof, constantly falling on the wires 
and their supports, and thus injuring .their insulation. It has 
been found that from this cause the current transmitted along one 
wire has been subject to leakages, a part of it passing by the 
moisture which surrounds the supports to an adjacent wire, so 
that being thus divided, part either returns to the station from 
which it has been transmitted, or goes on to a station for which 
it is not intended. 

73. This inconvenience would be removed by adopting for 
tunnels the under-ground system. Mr. Walker, to whom great 
experience in the practical business of electHc telegraphy, and 
considerable scientific knowledge must give much authority on 
such a subject, has adopted apparently with very favourable 
results a method of covering the wires, which pass through 
tonnels, with a coating of gutta-percha. The conducting wire 
thus treated is copper wire No. 16. The gum being well cleaned 
and macerated by steam, is put upon the wire by means of 
grooved rollers. The diameter of the covered wire is a quarter of 
an inch. Mr. "Walker states that jn all the wet tunnels under his 
superintendence he has substituted this gutta-percha-covered wire 
for the common line wire, and has thus " accomplished telegraphic 
feats which could not have been attempted on the old plan." 

74. In France and in the United States the wires, even in the 
cities and towns, are conducted on rollers at an elevation, as on 
()ther parts of the lines. In Paris, for example, the telegraphic 
wires proceeding from the several railway stations are carried 
round the external boulevards and along the quays, the rollers 
being attached either to posts or to the walls of houses or 
buildings, and are thus carried to the central station at the 
Ministry of the Interior. 

75. In Europe, the telegraphic wires have until very lately 
invariably followed the course of railways ; and this circumstance 
has led some to conclude that, but for the railways, the electric 
telegraph would be an unprofitable project. 

76. This is however a mistake. Independently of the case of ihe 
Magnetic Telegraph Company already mentioned, the wires in the 
United States, where a much greater extent of electric telegraph 
has been erected and brought into operation than in Europe, do not 
follow the course of the railways. They are conducted, generally, 
along the sides of the common coach-roads, and sometimes even 
through tracts of country where no roads have been made. 
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It has been contended in Europe that the wires would not be safe 
unless placed within the railway fences. The reply to this is, 
I hat they are found to be safe in the United States, where there is 
a much less efficient police, even in the neighbourhood of towns, 
and in most places no police at all. It may be observed, that the 
same apprehensions of the destructive propensities of the people 
have been advanced upon first proposing most of the great im- 
provements which have signalised the present age. Thus, when 
railways were projected, it was objected that mischievous indi- 
Yidnals would be continually tearing up the rails, and throwing 
obstructions on the road, which would render travelling so dan- 
gerous that the system would become impracticable. 

When gas-lighting was proposed, it was objected that evil- 
disposed persons would be constantly cutting or breaking the 
pipes, and thus throwing whole towns into darkness. 

Experience, nevertheless, has proved these apprehensions ground- 
less ; and certainly the result of the operations on the electric 
telegraph in the United States goes to establish the total inutility 
of confining the course of the wires to railways. Those who have 
been practically conversant with the system both in Europe and 
in America, go further, and even maintain that the telegraph is 
subject to less inconvenience, that accidental defects are more 
easily made good, and that an efficient superintendence is more 
easilv insured on common roads, according to the American 
system, than on railways. 

These reasons, combined with the urgent necessity of extending 
the Electric Telegraph to places where railways have neither been 
constructed nor contemplated, have led to the general departure 
of the telegraphic wires from the lines of railway in various parts 
of the continent. In France, particularly, almost aU the recently- 
constructed telegraphic network is spread over districts not int^- 
sccted by railways, and even where railways prevail, the wires are 
often, by preference, carried along the common road. 

77. When channels, straits, arms of the sea, or rivers of great 
width intervene between the successive points of a telegraphic 
line, the conducting wires are deposited upon the bottom of the 
water, protected from the effect of medianical and chemical 
action by various ingenious expedients. A considerable number 
of such subaqueous conductors have been fabricated for telegraphic 
lines in various countries, and others are in progress or contem- 
plated. Before June 1854, wire ropes had been made for the 
lines between Dover and Calais, Dover and Ostend, Dublin and 
Holyhead, Donaghadee and Fortpatrick, England and Holland, the 
Zuyder Zee, the Great Belt (Denmark), the Mississippi, New 
Brunswick and Prince Edward's Island, and Piedmont and Corsica. 
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78. The earliest attempt to transmit a voltaic current under 
water for telegraphic purposes, is attributed to Dr. O'Shaughnessy, 
who is so well known for his successful exertions to establis^i 
the electric telegraph in India. He succeeded in 1839 in de- 
positing an insulated conducting wire, attached to a chain cable, 
in the river Hoogly, by which the electric cuixent was transmitted 
fipom one bank of that river to the other. 

The first important project of this kind which was executed in 
Europe, was the connection of the coasts of England and France 
by the submarine cable, deposited in the bed of the channel 
between Dover and Calais. A concession being obtained from the 
French government on certain conditions, a single conducting 
wire, invested with a thick coating of gutta-percha, was sunk by 
means of leaden weights across the channel, and the extremities 
being put into connection with telegraphic instruments, messages 
were transmitted from coast to coast. One of the conditions of the 
French concession being that this should be effected before 
September, 1850, this object was attained, but nothing more ; for 
the action of the waves near the shore constantly rubbing the 
rope against the rocky bottom, soon wore off tiie insulating 
envelope and rendered the cable useless. 

79. It is right to state that the projectors themselves did not 
expect from this first trial permanent success, and regarded it 
merely as the experimental test of the practicability of the 
enterprise. It was, therefore, immediately resolved to resort to 
means for the effectual protection of the conducting wires 
from the effects of all the vicissitudes to which they would be 
exposed. "With this view, Messrs. Newall and Co., lie eminent 
wire-rope makers of Gateshead, were charged with the difficult 
and unprecedented task of discovering expedients, by which a 
cable of gutta-percha containing the conducting wires could be 
invested with an armour of iron, at the same time so strong as to 
resist the action of the forces to which it wouM be exposed, and 
yet not too ponderous or too rigid to allow of being deposited in 
the bed of the channel. The result was the invention of the form 
of submarine cable, which has since been successfully adopted 
upon the various lines of international electric communication 
which wiU be presently described. 

The conducting wires inclosed in these cables are usually 
copper wires, having a diameter of the sixteenth of an inch. 
Each wire is first separately covered with two coatings of gutta- 
percha. Each successive coating increases the thickness by 
a certain fraction of an inch. The object of laying on this 
succession of coats of the gum, is to guard against accidental 
defects which might render the insulation imperfect. If such a 
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defect happened to exist at any point of tlie first coat it would be 
ooTeied hy the eeooiLd, the olutDoeB against a defect occurring at 
the same point of botli ooatinga amoonting to an impossibility. 

80. The conducting wire thus invested, or so many of them as 
it is intended to deposit, are then twisted together, and snrroimded 
with, a mass of spun yam, soaked with, grease and tar, so as to 
form a compact rope. Aroond this rope are then twisted a number 
of stout iron wires, BOmetitnes coated on t^e aurfaee with zinc, or 
as it has been called, galvanised. The oahle is then complete, and 
is &bricated in one continued length sufficient to extend from 
shore to shore, or from hank to hank. FerspectiTe side views of 
llie Bcveral cables, and transverse sections of them in their fiill 
me, an given in the %uies indicated in the first column of the 
following tfthle, the number of conduoting wires insulated by the 
gutta-percha and included within the cables, the number of 
BuiTounding iron wires, the total length from coast to coast, and 
tlie weight of the cables per mile respectively being indicated in 
the other oolamns. 
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81. In the Dover and Calais cable, 
whicli wafi the first fabricated and 
laid, each of the four copper wires 
are enrronnded by gutta-percha, 
which in fig. 26 is indioatsd by the 
light shading round the block central 
spot, representing the seotion of the 
copper wire. The four wires thus 
prepared were then enreloped in the 
general mass of prepared spun yam, 
represented by the darker shading. 
The ten galvanised iron wires were 
then twisted around the whole, so as 
to form a complete and close ormonr. 
The eztenol form and appearance of 
this heliacal coating ia represented in 
%.25. 

This cable which was completed by 
Messrs. NewaU and Co., in three 
weeks, measured originally 24 miles 
in length. Owing to the manner in 
which it waa laid down this was 
found insufficient to extend from 
coast to QooBt, although the direct 
distance is only 21 nules. It was 
therefore found necessary t« manu- 
iacture an additional mUc of cable, 
which being spliced on to the part 
laid, tlie whole was completed, and 
the electric communication between 
Dover and Calais definitively estab- 
lished on the 17th October, 1851. 

The cost of the cable itself was 
9000^., being at the rate of 3601. per 
mile. The t«tal cost for cable and 
stations at Dover and Calais was 
15 0001. I 

82 The next submarine cable laid 
down was that which connected 
Holyhead on the Welsh with Howth 
on the Irish coast. While several 
companies which had been formed 
for the purpose, were occupied in 
raising the capital necessary for this 
project, they were surprised by the 
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omuimoemeiit &a,t the project was already on tiie point of being 
realised by Kessrs. Sewsiil and Co., on tiidc own account. 

The distonoe between the points to be connected being 60 miles, 
the cable was mode with a, length of 10 addition milea, to meet 
oontingendea. In thia cabh, which 
Pig. ST. enclosed only one eondnctmg wire, _*^ ^*- 
the external wires enclosing the in- 
aolating rope were made thidcer at 
the parts near the shores than for 
that which lies in deep water, the 
former being subject to much gTea1«i 
disturbing forces, A side view of 
tiie part immersed in deep water is 
given in fig. 27, and a cross-sectioii WM § I \ 
in fig. 28. A side view of the shore "''■'■ ' ■ 
ends is given in fig. 29, and a croas' 
section in flg. 30, all being in their 
fall size. 

The gutta-percha rope was fabri- 
cated by the Chitta Peroha Company 
in the City-road, London, from 
I whence it was sent to Qateshead, 
where it received the iron wire i 
envelope at the works of Messrs. | 
NewaU and Co., in the short space 
of four weeks. Loaded on twenty 
waggons, it was nest sent by rail- 
way aorosB England to Maryport, 
where it was embarked on bo^ the 
"Britannia," and transported to 
Holyhead. On fhs morning o£ the 
1st June, 18d2, one of its extre- , 
mities being established at Holyhead, | 
it was laid in the bed of the channeL i 
This was done as follows : — The cable 
was very .carefully coiled in the hold 
of the steamer ; one end was then 
passed several times rotmd a brake- 
wheel, and was conveyed on shore, 
when it was attaohed to a telegraph' 
■glg_ sg_ instrument. The other or lower end o£ pig jo. 

Hi^hMdud the cable was attaohed to another in- Ho^hM^and 
Sagp n part stroment in the cabin of the steamer, aho^ ends. 

so that any message passing from 
iastrnment to instrnznent, was conveyed tiHtca:^ \!ti6 euSac 
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cable in the hold, and round the brake- wheel as the cable passed 
off in the process of submersion. The shore end having been 
made fast securely, the steamer was put in motion, and a certain 
strain was put on the cable by means of the brake-wheel, so that 
it was laid straight on th(|^ound, or bottom of the sea. 

The cable is seen as it rises from the hold in the foreground, 
(fig. 34, p. 145,) guided between rollers to the drum, and it again 
appears in the back ground, as it passes over the stem. A counter 
and indicator was applied to the shaft of the drum by which the 
length of cable which at any moment had been delivered off into 
the sea was shown. 

The wind and tides have the effect of drawing the vessel out 
of her course, so that the quantity of cable expended must always 
be greater than the distance between the two points in a straight 
line. In the case of the Holyhead and Howth cable, the quantity 
expended was 64 miles. The depth of water is 70 fathoms, being 
more than twice that of Dover, 

The entire process of laying it down was completed in 18 hours. 
In another hour the cable was brought ashore, and put in connec- 
tion with the telegraphic wires between Howth and Dubliif, and 
immediately afterwards London and Dublin were connected by 
means of instantaneous communication. 

This cable was lighter considerably than that between Dover and 
Calais, its weight being a little less thaA one ton per mile, and 
consequently its total weight did not exceed 80 tons, while the 
Dover and Calais cable weighing 7 tons per mile, its total weight 
was 180 tons. 

From some cause, which could not be ascertained, this cable, 
after being worked for three days, became imperfect. It was sup- 
posed to have been caught by the anchor of some vessel, for on being 
taken up lately, it was found broken near Howth, and the gutta- 
percha and copper wire stretched in an extraordinary manner. 

83. On the 9th October, 1651, Messrs. Newall and Co. attempted 
to lay a cable across the narrowest part of the Irish channel, 
between Port Patrick and Donaghadee. This cable contained six 
conducting wires, similar to fig. 43. The distance across is the 
same as between Dover and Calais, viz., 21 miles, and 25 miles of 
cable were placed on board the *' Britannia" steamer. The pro- 
cess of submersion was carried on imtil 16 miles had been 
successfully laid' down, when a sudden gale came on, which 
rendered it impossible to steer the vessel in the proper course, and 
Mr. Newall was reluctantly compelled to cut the cable, when 
within 7 miles of the Irish coast, and having 9 miles of cable 
remaining on board. 
0[lie whole of this 16 miles of cable has been recovered in 
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June, 1854, after being nearly two years submerged. This proved 
a most arduous undertaking. The depth of the water in this part 
of the Irish channel is 150 fathoms, or 900 feet, and from this 
depth the cable was dragged by means of a powerful apparatus 
worked by a steam engine placed on the deck of a steamer. The 
operation occupied four days,, for from the great force of the tide, 
which runs at the rate of 6 miles an hour, it was foimd impossible 
to work except at the times of high and low water. The cable 
was also imbedded in sand, so that the strain required to drag it 
up was occasionally very great. 

The recovery of this cable has so far solved the question of the 
durability of submarine telegraphs. It was found nearly as sound 
as when laid down. There was a slight corrosion in certain parts 
which appeared to have been imbedded in decaying sea weed — ^the 
parts imbedded in sand were quite sound, and on other parts, 
which appeared to have rested on a hard bottom, there were a few 
zoophytes. The cable on being tested was found as perfect in 
insulation as when laid down. 

84. The next great enterprise of this kind, of which the accom- 
plishment must render for ever memorable the age we have the 
good fortune to live in, was the deposition in the bed of the 
Channel of a like cable connecting the coasts of England and 
Belgium, measuring seventy miles in one ijnbeoken lengtk ! 
This colossal rope of metal and gutta-percha was also constructed 
at the works of Messrs. Newall and Co. 

The probable extension of these extraordinary media of social, 
commercial, and political communication between countries 
separated by arms of the sea, may be conceived, when it is stated 
that during the winter of 1852-53 Messrs. Newall and Co. exe- 
cuted under contracts not less than 450 miles of such cable. 

The cable laid between Dover and Calais includes, as already 
stated, four conducting wires. That between Dover and Ostend 
contains six wires insulated by the double covering of gutta- 
percha, manufactured, under Mr. S. Statham's directions, by the 
Gutta Percha Company. The gutta-percha laid into a rope is 
served with prepared spun-yarn, and covered with twelve thick 
iron wires, of a united strength equal to a strain of 40 to 50 tons 
— more than the proof strain of the chain cable of a first rate 
man-of-war. 

A side view and section of this cable in its natural size are 
given in figs. 31 and 32 (page 158). 

The Belgian cable weighed 7 tons per mile, so that its total 
weight was about 500 tons. Its cost was 33,000/. It took 100 
days to make it, and 70 hours to coil it into the vessel fromwhidv 
it was let down into the sea, and 18 houro to %\ibm^T^ \\.. 
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The form in which it was coOed in 
tttc hold of the Tesael is represented 
m fig 33 (p. 129).' 

On the morning of the 'Wednesday, 
the 4th May 1853, the vessel called 
the ■Williom Hutt," Capt. Pahner, 
freighted with the cable, being an- 
chored off Dover, near St. Margaret's, 
Sonth Foreland, the process of laying- 
the cable was commenced. This vessel 
was attended and aided by E.M.8. 

Lizard," Capt, Rickets, E.K., and 
H M 8. " Vivid," Capt. Smithett. 
Capt Washington, E.N., was ap- 
p intfd, on the part of the Admiralty, 
to mark out the line and direct the 
expedition. 

At dawn of day about 200 yards 
of the cable were given out from the 

Hutt," and were extended by small 
boats to the shore, where the extre- 
m ty was deposited in a cave at the 
foot of the cliff. There telegraphic 
instruments were provided by meant 
of which, through the cable itself, a 
constant commtinication with the 
vessel waa maintained daring the 
oidiiouB process, corresponding tele- 
graphio instnunente being placed on. 
board the "Hutt." 

At 6 o'clock, the process of laying 
commenced, the " Hutt " being 
taken in tow by the steam tog 
" Lord Wardca," 

The manner in which the cable was 
" payed out," as the vessel pro- 
ceeded in its course, is represented 
in fig. 34 (p. 143), the coble as 
it come up from the hold, being 
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-DoSr »na 0»t«nd ot the publishers ofthit jonmal. 





SUBMARINE CABLES. 

passed several timea ronitd a, laigs 
brake-wheel, by meanB of whioh tte / 
cable was kept &om going out too i 
fast, and its motioii nuuntained s( 
to be equal to the prepress of the [ 
vessel. Men are leprcsonted m 
figure applying the brake to the 
wheel. 

On arriTing off Middlekerke i 
the- Belgian coaat, a, boat sent from. 
shore took from SOO to 700 yards of 
Ihe cable on board, for the purpoee of 
landing it. The boats of the British 
vessels tatting her in tow, the end of ' 
the cable was safely landed and 
deposited ia a guard-house of the 
Custom House, where the telegraphic , 
instmmcnta brought in the ' ' Hutt I 
being erected, and the commnmoa 
tioDS made, the following despatoh 
was transmitted direct to Ixmdon — 

Union of Belgium and England 
twenty mtnutei before one, p m Gtk 
May 18S3. 

8d. The next submarine cable laid, 
■was that of the Magnetic Telegraph 
Company, connecting Donaghadee 
with Fort Patrick, also manufactured 
by Messrs. Newall and Co. 

This uable, which contains six con- 
ducting wires, is represented in its 
proper size in figs. 35, 36, and corres 
ponds in weight and form to the 
Belgian cable. But in the details of 
itaoonstruotion and composition some 
improvements were introduced This 
rope was manufactured in 24 days, 
and cost about 13,0002. 

The cable laid down by the British 
Telegraph Company between the same 
points, is precisely similar to this. 

86..1tia proposedto connect Or- 
fordnesB, on the Suffolk ooaat, with 
the Hague, by seven separate sub- 
marino cables, each containing a F,g. M.-Don«jh^and Portpitriok. 

1 ^a nX^anm*\f (fWlaiTMnh /T.«.^AZI. t 
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single wire. Near 
the ahore on eacli 
side these will bo 
brought together 
and twisted into 
a single great 
cable, as tepre- 
Bentedinfigs.37, 
38. 

Of these, only 
three have been 
laid down. The 
distance fiom Or- 
fordneas to tbe 
Hague being 120 
miles, the cables 
were made 135 
miles in length. 
They were laid 
dawn separately 
at a Utde dis- 
tance one from 
another. At 3^ 
miles from tha 
shore they were 
brought t«geth er. 
When the tele- 
graphic busineM 

other four will be 
deposited. 
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CHAPTEE IV. 

87. — Cable between Spezzia and Corsica. — 88. Other cables, European and 
American. — 89. Objections brongbt by scientific antiiiorities to tbe 
submarine cables — Answers to these by practical men. — 90. Example 
of a cable uninjured by the action of the sea. — 91. Precautions 
necessary in laying the cable. — 92. Accident in laying the Calais 
cable. — 93. Imperfection attributed to the Belgian cable. — 94. 
Transatlantic Ocean Telegraph. — 95. Underground wires between the 
Strand and Lothbury. — 96. Effect of the inductive action of imder- 
ground or submarine wires. — 97. Possible influence of this on tele- 
graphic operations. — 98. Examples of overground wires extended to 
great distances without intermediate support — between Turin and 
Genoa. — 99. Telegraphic lines in India. — 100. Difficulties arising 
from atmospheric electricity — ^height and distance of posts — mode of 
laying undergroimd wires — extent of line erected to April 1854. — 
101. Intensity of current decreases as the length of wire increases. 
— 102. Also increases with the thickness of the wire. — 108. And 
with the number of elements in the battery. — 104. Result of Pouillet's 
experiments on the intensity of current — 105. Intensity produced by 
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inoreasing the power of the battery. — 106. How the current produces 
telegraphic signals. — 107. Velocity of the current. — 108. Transmisaioii 
of signals instantaneous. 

87. It is proposed to connect Europe with the islands of the Medi- 
terranean and the African continent, by extending the wires which 
already run continuously to Genoa from the United Kingdom and 
the Northern States of Europe to Spezzia, and from that point to 
lay a submarine cable to Corsica, another between Corsica and 
Sardinia, and another between Sardinia and Bona. The latter 
place would be connected with Alexandria by underground wires 
extending along the coast. 

It is even regarded as within the scope of probability that 
Alexandria may be put in electrical connection witibt Bombay ; and 
as the latter place is already connected by a telegraphic line with 
Calcutta, a continuous line of communication between London and 
Calcutta would thus be established. 

The distances between Spezzia and Bona on the coast of Algeria 
are: — 

Miles. 

Spezzia to Corsica (submarine) 76 

Across Corsica (underground) 128 

Corsica to Sardinia by the straits of Bonifacio (submarine) . 7 

Across Sardinia (underground) 203 

Sardinia to Bona, on the coast of Algeria, (submarine) about 125 

539 

There would thus be 208 miles of submarine cable in three lengths of 
76, 7, and 125 miles, and 331 miles of overland wires necessary to con- 
nect the southern coast of Europe with the northern coast of Africa. 

This is the proposed plan, and the cables from Spezzia to Corsica, 
and from Corsica to Sardinia are already laid and in operation ; 
but it will be obvious on inspecting the map that the object would 
be attainable with a less extent of submarine cable by continuing 
the overland line to Piombino, in the Grand Duchy of Tuscany, 
connecting that place with the Island of Elba by a submarine cable 
of 8 or 10 miles, and connecting the westernmost point of Elba 
with Bastia, in Corsica, by another cable of 35 to 40 miles. 
This method would have the further advantage of including in 
the line several important places on the Italian coast ; such as, 
Carrara, Massa, Lucca, Pisa, and Leghorn. 

A preference has been given to the course above described in 
consideration of the benefit conferred upon the company by the 
concession and guarantee granted by the government of Sardinia, 
which would not have been given had the other course been followed. 

The cable now deposited contains six conducting wires, and is 
in all respects similar to that represented in figs. 35, 36. 
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88. The short sub- 
nmrine cable laid down 
between Prince Ed- 
ward's Island, and the 
coast of Nova Scotia 
(figs. 39, 40), is intended 
as part of a more ez- 
teaded submarine line 
connecting Newfound- 
land with Canada. The 
other sections would 
make up a total length 
of 140 miles ; but the 
project ia reported to be 
arrested for the present 
by t^ refusal of the 
Hooao of Assembly of 
Nova Scotia to gnmt a 
charter to the company 
to cross dat proviboe. 
Ihe Danish subma- 
rine cable (figs. 41, 42), 
is carried across the 
Great Belt from Nyborg 
to KoTsoe tlie nearest 
point of the opposite 
coast of Zealand. 

The cable laid across 
theZuyderZee ia shown 
in its proper sizo in figs. 
43, 44 (p. 164). 

Subaqueous cables 
have been laid across 
set oral of the American 
era. The difficultiea 
supposed to attend the 
deposition and preser- 
I vabon of these con- 
ductors appeared to 
telegraphic engineers 
and projectors bo fi)r- 
midable, that the vires 
were at first earned 
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lofty tnaata erected on theii banks. 
This method, howerei', was fouitd to 
be attended wilii Bach effeota as to 
render the maintenanoe of the wiic 
impracticable. The maats were blown 
down by the violent atorms and 
tomodoea incidental to the climate, 
and were not unfrequently deatroyed 
by lightning. 

The project of depositing the eon- 
dncting wiiea in the bottom of the 
river was then resorted to, and has 
been carried into effect in several 
cases. The Ohio is crossed at 
Paducah by a cable containing one 
conducting wire, of which the fol- 
lowing description is given in the 
American journals. 

"It is composed of a Ibi^ iron 
wire, covered with three coatings of 
gutla percha, maMng a cord of 
about five-eightlis of an inch in 
diameter. 

" To protect this from wear, and 
for secnrity of insulation, there are 
three coverings of strong Omaburg, 
saturated with an. elastic composition 
of non-electrics ; and around tiis are 
eighteen large iron wires, drawn as 
tight as the wire will bear, and the 
whole is then spirally lashed together 
with ano&er large wire, passing 
around at every | of an inch. The 
whole forma a cable of near two 
inches in diamef«r." 

This cable is 4200 feet in length, 
being the longest yet laid down 
in the United States. It was con- 
structed by Messrs. Sha£&ier and 
Sleeib. 

Mr..Shaffiier hoe also constructed 
and deposited subaqueous cables in 
Hia following places : — 

Across the Tennessee river, four 
miles above Paducah, near its 
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jnnotioR with the Ohio. Length, 2200 feet ; samo 
oonstmctioD ; deposited in 1851. 

AoroaB the Missiasippi, at C^ Girondean, in 
the State of MissourL Length 3700 feet; depo- 
sited in 18S3. 

AoroBs the Meriminao river, where it falls into 
the Misaisuppi, twenty miles below 6t. Louis. 
Length, 1600 feot ; deposited in 1853. 

AH these are similar to the Paducah cable. 

Across tlio Mississippi at St. Louis, three cables 
for different lines, each enclosed by 14 lateral 
ext«nial wices. Length, 3500 feet. Deposited in 
1S52-3. 

Across tbo Ohio at MaysviUe, Eentuckj*, a cable 
containing two conducting wires, enclosed by 28 
lateral external wires, construoted like the former. 
Length, 2700 feet. Deposited in 1853. 

Across the Oliio at Henderson, Ken tacky. 
Length, 3200 feet. Deposited in 1854. 

Cables constructed by Messrs. Fcwall and Co. 
have also been deposited in the following places ;. — 

Across the Mississippi at Kcw Orleans, contain- 
ing one conducting wire. Length, 3000 feet. 
Deposited in 1853. Shown in figs. 45, 46. 

Across the Hudson, 10 miles above New York ; 
flimUar construction. Length, 3600 feet. Depo- 
sited in 1854. 

Across the Straits of Northiunberland, ot the 
mouth of the St. Lawrence ; similar construction. 
Length, 10 miles. Deposited in 1853. 

At certain places on the great western rivers 
serious diffleultics have been and are still encoon' 
tered in the preservation of these subaqueous 
conductors. At St. Louie on the Mississippi, and 
at Paducah on tho Ohio, for example, soverol 
cables have been successively swept away by 
floods. Loige trees carried down tie stream are, 
one after another, stopped by being caught in the 
cable, and the number thus accumulated becomes 
at length so great that the force of the current, 
acting upon them, breaks it. 

Anofhei frequent cause of destruction to these 
caUes in the Western Continent is the attniction 
they offer to atmospheric electricity. They are 
frequently destroyed by Ughtning. Hi. Shaffher 
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tells me that he has sometimes found a longitudinal incision, 
measuring ten feet in length, made in the gutta-percha, by the 
lightning, and cut as clean as if it had been done with a razor. 
At other times he has found the gutta-percha swelled, rough and 
porous, and sometimes pierced with coimtless numbers of openings 
like pinholes. 

These appearances ore supposed by Mr. Newall to arise £rom 
imperfection in the covering of the wire. The slit, he thinks, is 
caused, by air getting in behind the arm, which holds the mandril 
through which the copper wire passes before leaving the cylinder^ 
and the porous covering arises from air mixed with the gutta- 
percha, liir. Newall has ascertained that a wet hair, or a hole of 
equal size is sufficient to destroy the insulation of the wire. 

89. Some eminent scientific authorities express doubts as to the 
durability of the submarine cables. In the case of the Dover and 
Calais cable it has been observed that the bottom of the channel at 
that part of the strait is proved by the soundings to be subject to 
undulations, so considerable that the summits of some of its elevated 
points rise to such a height that the water which covers them is 
not deep enough to secure them from, the effects of the tumultuous 
agitation of the surface in violent storms. It is here well to remind 
the reader that the agitation of the ocean, which seems so awful in 
great tempests, has been found to extend to a very limited depth, 
below which the waters are in a state of the most profoimd repose. 
The objection we now advert to is, therefore, founded upon the 
supposition that the crests of some of the elevations upon which 
the submarine cable rests are so elevated as to be within that limit 
of depth, and it is feared that such being the case, the violence of 
the water in great tempests may so move the cable against the 
ground on which it is deposited with a motion to and fro, as to 
wear away by frequent friction its metallic armour, and thus 
expose the conducting wires within it to the contact of the water, 
and destroy their insulation. 

But it has been most satisfactorily pfoved by a part of the 
experimental wire which was laid down between Dover and Calais, 
in 1850, and which was picked up two years afterwards in as 
perfect a state as when laid down, that the action of the waves 
does not affect the bottom of the Channel there^ The greatest 
depth is 30 fathoms, and the bottom shelves regularly from Dover 
to near Cape Grinez, where there is a ledge of rocks rising 
suddenly from the bottom. 

It has been also feared that, notwithstanding the effect of the 

galvanisation of the surface of the surroimding wires, the corrosive 

action of the sea water may in time destroy them ; and it has been 

suggested that some better expedient for protection against this 

166 



SUBMABINE CABLES. 

effect miglit be contrived upon the principle snggested by Davy, 
for the preservation of the copper sheathing of ships, by investing 
the cabLs at certain intervals with a thick coating or glove of zinc, 
Tirhich would increase the efficiency of the thinner coating of that 
metal given to it in the process of galvanisation.* 

To this practical men who have had as much experience as is 
compatible with the recent date of these novel and extraordinary 
enterprises, reply that the results of their observations give no 
ground for apprehension of any injurious effects from tidal or 
tempestuous action, and that the fine iron used in the wire 
is not affected by sea water, as larger masses of coarser iron, 
such as anchors, are. They cite as proof of this, the slightly 
decayed state in which nails and small iire-arms have been 
found when recovered from vessels long sunk. They further 
state that the tar contained in the layer of hemp within the 
protecting wires acts as a preservative, whether the wires be 
galvanised or not. It has been found for example that, in the 
case of the submarine conductor between Donaghadee and Port- 
patrick, a perfect concrete of tar and sand has been already 
formed, upon which masses of shell-ffsh attach themselves at 
all parts that are not buried in sand, and it is apparent that 
in a few years a calcareous deposit will be formed around it, 
which will cement it to the bottom, and altogether intercept the 
action of the sea water. 

90. In the deposition of submarine cables great care should be 
taken to select suitable pointd on the shore for beaching them. 
Sandy places are always to be sought. If this precaution be taken, 
it is affirmed that they are not subject to tidal action. A cable 
was partly laid by the Magnetic Telegraph Company in 1852 
near Portpatrick (83), but abandoned in consequence of the vessel 
employed to deposit it being exposed in the process to a violent 
storm. The wire was left exposed upon the beach down to and 
beyond low water mark, and was in Jime, 1854, still in a perfect 
state, the galvanised iron wires, even to their zinc coating, being 
absolutely in the same state as when they were deposited. 

91. It is contended by practical men that the great and only 
risk of failure in the submarine cables is from defects produced in 
the process of their deposition, or from original faults in the prin- 
ciple of their construction. 

The greatest care is necessary in conducting the process of 
delivering out the cable into the sea, or * Spaying it out," as it is 
technically called. All sudden bending of the cable is to be 
especially avoided. ** Kinks" or '* hitches" are apt to occur in 

* Pouillet, "Traits de Phyaque," voL L p. 799. Ed. 1853. 
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the process, by whicli the gutta percha covered wires within the 
cable are strained. 

92. In laying the Calais cable it was found too short to extend 
to the opposite coast, and it became necessary to splice a supple- 
mentary piece to it. The joint thus formed afterwards failed, and 
it was found necessary to splice it anew, and to insert a fresh 
piece. Since this was done the cable appears to have continued in 
excellent order. 

93. It is said that the Belgian cable has been subject to some im- 
perfection arising from the position of the wires within the case. 
The sixth wire being in the axis of the cable, surrounded by 
the other five (see fig. 32), it was found that when the outer casing 
of the protecting wires was laid around it, the pressure on the 
centre wire rendered it imperfect, while the five surrounding it 
suffered to some extent. 

Similar defects are said to exist in other cables constructed upon 
the same principle. 

A hempen case well tarred in the centre is considered to form 
the best safeguard for the gutta percha covered wires in the process 
of making the cable, since it will yield to any compression itself 
without affecting injuriously the wire. 

94. This notice of subaqueous telegraphy ought not to be 
concluded without some mention of the project for the deposition 
of an electric cable across the Atlantic, so as to put the Old 
World in instantaneous communication with the New. Such a 
scheme is regarded now pretty nearly as that for the electric 
connection of the British islands with each other and with the 
European continent was regarded some years ago. The sanguine 
consider the project practicable, and its speedy realisation pro- 
bable. The more phlegmatic notice it only with ridicule. 
Men of science genendly admit the possibility of the enterprise 
while men of finance more than doubt the possibility of a 
remunerative result. 

The width of the Atlantic between the nearest points of British 
America and the west coast of Ireland is about sixteen himdred 
miles. Twelve cables, each as long as those which have been 
laid down between Orfordness and the Hague, would be sufficient 
to extend from coast to coast. That cable could be spliced to 
cable was practically proved between Calais and Dover, such a 
splice having been successfully made in the cable near the French 
coast. 

Lieutenant Maury, of the United States, so well known for his 

hydrographical researches, caused a series of regular soundings to 

be made with the view of determining the form and condition of 

the bed of the ocean between the coasts of British America and 
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Ireland. He fonnd that between Newfoundland, or the mouth of 
the river St. Lawrence, and the west coast of Ireland, the bottom 
consists of a plateau, which, as he says, '* seems to have been placed 
there especially for the purpose of holding the wires of a submarine 
telegraph, and of keeping them out of harm's way. It is neither 
too deep nor too shallow ; yet it is so deep, that the wires but once 
landed, will remain for ever beyond the reach of vessels, anchors, 
icebergs, and drifts of any kind ; and so shallow that the wires 
may be readily lodged upon the bottom. 

" The depth of this plateau is quite regular, gradually increasing 
from the shores of Newfoundland to the depth of 1500 to 2000 
fathoms, as you approach the other side."* 

Lieutenant Maury concludes that this line of deep sea soundings 
is quite decisive of the question, as to the practicability of a 
submarine telegraph between the two continents in so far as the 
bottom of the ocean is concerned. A cable laid across would pass 
to the north of the great banks, and would be deposited upon the 
plateau above described, where the waters of the ocean are proved 
to be "as still as those of a miUpond." 

This inference Lieutenant Maury deduces from the fact, that 
all the specimens of the bottom brought up have been found to 
consist of miscroscopic shells without the admixture of a single 
particle of grayel or sand. Had there been currents at those 
depths, these shells would have been thrown about and abraded, 
and mixed more or less with the debris of the natural bed of the 
ocean, such as ooze, sand, gravel, and other matter. ** Con- 
sequently a telegraphic cable once laid there, there it would 
remain as completely beyond the reach of accident as if it were 
buried in air-tight cases." 

Lnperfectly informed persons have expressed an opinion that 
the cable would not sink below a certain depth, at which the 
increasing density of the sea water would render it bulk for bulk 
as heavy as the cable. The well known physical properties of 
water prove such a supposition to be groundless. Although not 
incompressible in an absolute sense, water is susceptible of com- 
pression, even at the greatest depths of the ocean, in so small a 
degree, that the cable must always greatly exceed it in specific 
weight. 

Putting out of view the financial part of the question, there 
appears then to be no good reason for pronouncing the project to 
construct such a cable, and to deposit it in the bed of the ocean, 
impracticable in an absolute sense. 

* Report of Lieutenant Maury to the Secretary oi \3aft T5.^. "^w^^ 
Feb. 22, 2854. 
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It may be asked whether, if deposited, an electric current could 
be transmitted through it so as to produce telegraphic signals ? 

There can be only two reasons for doubting this— ^rsty the 
length of the conducting wire, and, secondly, the inductive effects 
of the water upon the cable. 

The intensity of the current transmitted by a battery of given 
power upon a wire, is in the direct ratio of the conducting power 
of the wire and the magnitude of its transverse section, and in the 
inverse ratio of its length. A length so great as 1500 or 1600 
miles, would of course considerably attenuate the current. 

But it will be recollected that, in the experiments described in 
Chap. I. par. 9, made by M. Leverrier and myself, messages were 
transmitted over a space of 1000 miles of wire without inter- 
mediate battery power, and with a terminal battery of very 
limited power. In that case 336 miles of the wire upon which 
the current was transmitted were iron, a very indifferent con- 
ductor, and the remaining 746 miles were copper wire of extremely 
small diameter. It is certain, therefore, that by reason of the 
inferior conducting power of the one part, and of the very small 
transverse section of the other part, this length of 1082 miles 
offered a much greater resistance to the transmission of the 
current than would 1600 miles of copper wire, such as is usually 
selected for submarine cables. 

But independent of these considerations, nothing would be 
easier than to give the copper wire enclosed in the cable such a 
thickness, and to apply to it such batteries, as would ensure the 
transmission of a current of sufficient intensity. 

The effects of the recoil currents produced by the inductive 
action of the water upon the cable, cannot be so certainly appre- 
ciated with our present knowledge and experience ; but although 
the effects of these are sensible in the cases of the submarine and 
imdergroimd wires already laid down, they have not produced 
any obstruction to the efficient performance of the telegraphs, and 
the managers of the Magnetic Telegraph Company, which works 
well several hundred miles of wire partiy subaqueous and partly 
underground, assure me that no inconvenience or obstruction 
whatever is found to arise from this cause. If no other objection 
were raised against the project of a Transatiantic cable save this, 
it may be safely pronounced that there would be nothing to be 
apprehended which the resources of science and art would not 
easily surmount. 

It does not appear, therefore, that any part of the great 

problem of subatlantic telegraphy remains to be solved, except 

that which is involved in the financial view of the question. If 

It be undertaken as a commeroial ent^rpiise with a view to a 
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remuneratiye return, will it pay f Or, on the other hand, may it 
not be regarded as one of those vast international enterprises to 
which the influence and resources of states should be applied? 
These are questions which we have neither the space nor the 
vocation to discuss. 

95. In 1852, the conducting wires which connect the Braiich 
Telegraph Office, established in the Strand, opposite Hungerfoid 
Market, with the General Post-office, were laid down. In this 
case the conducting wires are galvanised brass instead of copper. 
They are as usual laid in iron tubes, and are carried along the 
kerb stones of the foot pavement of the Strand, Fleet-street, 
liudgate-hiU, and St. Paul's Church-yard to Cheapside, where 
they cross over to Poster-lane, and passing through the branch 
office in the hall of the General Post-office, are carried thence 
to the central telegraph station in Lothbury, at the rear of the 
Eank of England. 

From this central office, at all hours by day and by night, 
despatches are transmitted to and received from every seaport and 
every considerable town in England, Scotland, and Wales ; by the 
submarine wires, by Holyhead and Portpatrick, from all parts 
of Ireland, and by Dover, from all parts of the Continent of 
Europe where electric telegraphs have been constructed. 

96. After the underground and submarine wires had been con- 
structed and laid upon a considerable scale, the attention of Dr. 
IToraday was called by some of the parties engaged in their 
management to peculiar phenomena which had been manifested 
in the telegraphic operations made upon the lines thus laid. After 
experiments had been made upon a large scale with lines of sub- 
aqueous and subterranean wires, ' extending to distances varying 
from 100 to 1500 miles, it was found that the electricity supplied 
by the voltaic battery to the covered wire was in great quantity 
arrested there, by the attraction of electricity of an opposite kind 
evolved from the water or earth in which the wire is sunk ; the 
attraction acting through the gutta percha covering exactly in the 
same manner as that in which the electricity developed by a 
common electric machine, and deposited on the inside metallic 
coating of an electric jar, acts through the glass upon the natural 
electricity of the external coating, or of the earfli in connection 
with it. The two opposite electricities on the inside and outside 
of the coating of the wire by their mutual action neutralise each 
other, and under certain circumstances a person placing his hands 
in metallic connection with both sides of such coating, may ascertain 
the presence of a large charge of such neutralised fluid, by receiving 
the shock which it will give like that of a charged Leydeii ^^. 

97. It is apprehended that this unforeaeQii '|^\ifiiXiOT[ieao^ ts^^ 
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interfere more or less with the practical working of all telegraphs 
having underground conducting wires ; and I have been informed 
by the agents engaged in bureaux of the Paris telegraph, that 
they are sensible of its effects in all direct communications between 
that capital and London. 

On the other hand the Magneto-Electric Telegraph Company, who 
at the present time (May, 1854), have nearly 900 miles of under- 
ground wire in operation, report that they sometimes pass their 
signals without any difficulty through 500 miles of underground 
wire without any break or delay in the circuit, and that they have 
in constant operation conti^Luous underground lines connecting 
towns above 300 miles apart. 

The only defect complained of in the underground wires is that 
which proceeds from accidental failures of complete insulation, 
produced by defects in the gutta percha or other coating which 
allow moisture to penetrate in wet weather and to reach the con- 
ducting wire, or it may arise from accidental fracture of the wire. 
In any such cases the flow of the current to its destination is 
interrupted, and the telegraph conveys no signal. 

The use of underground wires, and the discovery of the 
phenomenon of inductive action above described, are too recent to 
justify any certain inference as to their effects on telegraphic 
operations. Time and enlarged experience alone can settie the 
questions which have been thus raised. 

98. Although as a general rule the overground lines of 
telegraphic wire are sustained by supports at intervals of about 
sixty yards, many exceptional cases are presented in which they 
are extended between supports at much greater distances asimdcr. 
Every recent visitor to Paiis may have observed the long lines of 
wire which are in several cases extended along the boulevards 
and across the river. 

But the most surprising examples of long lines of wires 
without intermediate support, are presented on the telegraphic 
line passing north and south through Piedmont between Turin and 
Genoa. There, according to a report published in the "Pied- 
montese Gazette,'' in the coiirse of the line passing through the 
district intersected by the chain of the Bochetta, the engineer, 
M. Bonelli, had the boldness to carry the wires from summit to 
summit across extensive valleys and ravines at immense heights 
above the level of the ground. In many cases the distance 
between these summits amounted to more than half a mile, and 
in some to nearly three-quarters of a mile. In passing through 
towns, this line is carried miderground, emerging film which 
it is again stretched through the air from crest to crest of the 
Maritime Apennines, after which it finally sinks into the earthy 
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passing througli Genoa under the streets and terminating in the 
Duoal palace. 

It is stated that the insulation of the wires on this picturesque 
line has been so perfect, notwithstanding the adverse circumstances 
of its locality, that although it was constantly at work day and 
night during the first winter, no failure of transmission or extra- 
ordinary delay ever occurred. 

99. Efforts have recently been made to extend the system of 
telegraphic intercommunication to India. Dr. O'Shaughnessy of 
the East India Company's medical department, in constructing an 
experimental Hue through a distance of 80 miles from Calcutta, 
used, instead of wires, iron rods, being the only obtainable 
materials. These were fastened together and supported on 
bamboos. 

By experiments thus made, he found that the wires employed 
in Europe would be quite inadequate to the Indian telegraph. In 
England, where the lines are carried along railways, and where 
there are no living obstacles to contend with, the thin iron wire, 
called No. 8 gauge, answers its purpose well ; but no sooner were 
the rods moimted on their bamboo supports in India than iiocks of 
that largest of all birds, the adjutant, found the rods convenient 
perches, and groups of monkeys congregated upon them ; showing 
clearly enough that the ordinary wire would be insufficient to bear 
the strains to which these telegraphic lines would be subjected. 
It was found also that not only must the wire be stronger, but 
that it must be more elevated, to allow loaded elephants, which 
march about regardless of roads or telegraphic lines, to pass 
underneath. 

100. The telegraphic communication thus practically effected, is 
subjected to attacks to which the telegraphs in this country are 
but little exposed. Storms of lightning destroyed the galva- 
nometer coils, and hurricanes laid prostrate the posts. Undaunted 
by the opposition of the elements. Dr. O'Shaughnessy contrived a 
lightning conductor for the instruments, and strengthened the 
supporting props. 

Dr. O'Shaughnessy returned to England, and at Warley, near 
Brentwood, made arrangements for producing 3000 miles of thick 
galvanised wire, to be shipped for India; one of the earliest 
lines undertaken, to be from Calcutta to Bombay. One of the 
peculiar characteristics of the railway lines intended for India, as 
contrasted with the English lines, is the greater distance between 
the posts, which are higher and stronger than those generally 
used. The thick wire is raised to a height of fourteen feet, on 
posts nearly the eighth part of a mile apart. To obtain the neces- 
sary strength to bear the straii}, the posts are fixed with screw 
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piles. To show the strength of the wires thus extended, a rope 
was, for experiment, hung to the centre of the wire of largest 
span, and a soldier climbed Tip it, the weight of his bod^ pro- 
ducing but a slight curvatore. The common deflection arising 
from the weight of a wire of a furlong span does not exceed 
eighteen inches. 

Dr. O'Shaughnessy's plan of underground communication, 
when such a mode of laying down the wires is desirable, is yery 
economical. The copper wires coated with gutta peroha, instead 
of being inserted in iron tubes, are inlaid in wooden sleepers, well 
saturated with ars^c, to protect them from the white ants, and 
they are then laid in a trench about two feet deep. An under- 
ground system of two wires may thus be laid down for 35^. the mile. 

The plan adopted for joining the lengths of the thick galvanised 
wire is to have the two ends turned, so as to link into one another, 
which are then introduced into a mould, like a bullet-mould, and 
an ingot of zinc being cast oyer them, they form a most substantial 
joint, and perfect metallic connection.* 

It appears from reports receiyed in May, 1854, that at that 
date a telegraphic line was in fall operation from Calcutta to 
Agra, a distance of 800 miles, and it was then expected that the 
entire line to Bombay, a distance of 1500 miles, would soon be 
completed and put in operation. 

This line is reported to have been completed and brought into 
operation since the preceding paragraphs were in type. 



101. To produce the effects, whatever these may be, by which 
the telegraphic messages are expressed, it is necessary that the 
electric current shall have a certain intensity. Now, the intensity 
of the current transmitted by a given voltaic battery along a 
given line of wire will decrease, other things being the same, in 
the same proportion as the length of the wire increases. Thus, if 
the wire be continued for ten miles, the current will have twice 
the intensity which it would have if the wire had been extended 
to a distance of twenty miles. 

It is evident, therefore, that the wire may be continued to such 
a length that the current will no longer have sufficient intensity 
to produce at the station to which the despatch is transmitted 
those effects by which the language of the despatch is signified. 

102. The intensity of the current transmitted by a giyea 

♦ Year-Book of Facts, 1853, p. 150. 
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voltaic battery upon a wire of given length, will be increased in 
the same proportion as the area of the section of the wire i» 
augmented. Thus if the diameter of the Tvire be doubled, the 
area of its section being increased in a fourfold proportion, the 
intensity of the current transmitted along the wire will be in- 
creased in the same ratio. 

103. In fine, the intensity of the current may also be augmented 
by increasing the number of pairs of generating plates or 
cylinders composing the galvanic battery. 

Since it has been found most convenient generally to use iron as 
the material for the conducting wires, it is of no practical import- 
ance to take into account the influence which the quality of the 
metal may produce upon the intensity of the current. It may be 
useful nevertheless to state that, other things being the same, 
the intensity of the current will be in the proportion of the con- 
ducting power of the metal of which the wire is formed, and that 
copper is the best conductor of the metals. 

104. M. Pouillet found by well-conducted experiments, that 
the current supplied by a voltaic battery of ten pairs of plates, 
transmitted upon a copper wire, having a diameter of four- 
thousandths of an inch, and a length of six-tenths of a mile, was 
sufficiently intense for all the common telegraphic purposes. Now 
if we suppose that the wire instead of being four-thousandths of 
an inch in diameter, has a diameter of a quarter of an inch, its^ 
diameter being greater in the ratio of 62 J to 1, its section will be 
greater in the ratio of nearly 4000 to 1, and it will consequentiy 
carry a current of equal intensity over a length of wire 400O 
times greater, that is, over 2400 miles of wire. 

105. But in practice it is needless to push the powers of trans- 
mission to any such extreme limits. To reinforce and maintain 
the intensity of the current, it is only necessary to establish at 
convenient intervals along the line of wires intermediate batteries, 
by which fresh supplies of the electric fluid shall be produced, 
and this may in all cases be easily accomplished, the intermediate 
telegraphic stations being at distances, one from another, much 
less than the limit "^jfiich would injuriously impair the intensity 
of the current. 

106. Having thus explained the means by which an electric 
current can be conducted from any one place upon the earth's 
surface to any other, no matter what be the distance between 
them, and how aU the necessary or desired intensity may be 
imparted to it, we shall now proceed to explain the expedients by 
which such a current may enable a person at one place to convey 
instantaneously to another place, no matter how distant, ^i*^^ 
serving the purpose of written language. 
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It may be shortly stated that the production of such signs 
depends on the power of the agent transmitting the current to 
transmit, suspend, intermit, divert and reverse it at pleasure. 
These changes in the state of the current take place for all 
practical purposes simultaneously upon all parts of the conducting 
wire to whatever distance that wire may extend, for although 
strictly speaking there is an interval, depending on the time which 
, the current takes to pass from one point to another, that interval 
cannot in any case exceed a small fraction of a second. 

107. Although there is some discordance in the results of 
experiments made to determine the velocity of the current, they 
all agree in proving it to be prodigious. It varies according to 
the conducting power of the metal of which the wire is composed, 
but is not dependent on the thickness of the wire. On copper 
wire, its velocity, according to Professor Wheatstone's experiments, 
is 288000 miles; and according to those of MM. Fizeau and 
Gonelle, 112680 miles per second. On the iron wire used for 
telegraphic purposes, its velocity is 62000 miles per second, 
according to Fizeau and Gonelle ; 28500 according to Professor 
Mitchell, of Cincinnati ; and about 16000 according to Professor 
"Walker of the United States. 

108. It is evident therefore that the interval which must 
elapse between the production of any change in the state of the 
current at one telegraphic station, and the production of the same 
change at any other however distant, cannot exceed a very 
minute portion of a second, and since the transmission of signals 
depends exclusively on the production of such changes, it follows 
that such transmission must be practically instantaneous. 
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CHAPTEU V. 

IDD. Current contioUed by ouikiiig and brealdng the contact of con- 
dactoTB. — 110. [nstnimeiita far controlling the cuireDt—coinmatBtore. 
— 111. Oeueral principle of the eonimutator. — 112. Its application 
to telegrHphic operatioDS. — 113. To tranamit a emreiit on the up line 
onlj.— Hi. On tie down line oolj.— 115. On both lines.— 116, To 
levem the eaireat. — 117. To euspend and transmit it altenutelj. — 
118. How to manage a current which anivee at a station.— 119. To 
make it ring the Blarum. — 120. Station with two alaruma. — 121. 
Notice of the etation tronimitting and receiTing sLguals.— 122. When 
Bignals not addrcsaed to the station the current la pasaed on. — 12S. 
IiAKiuni^s Mdbeum Of SOIEKOI. B 177 

K0.S8. 



THE ELECTRIC TELEGRAPH. 

How to receive a dispatcli at the station, and stop its farther progress. 
— 124. How several dispatches may be at the same time sent between 
various stations on the same line. — 125. Secondary lines of wire then 
used. — 126. Recapitulation. — 127. Signals by combinations of unequal 
intervals of transmission and suspension. — 128. Key commutator. — 
129. Horological commutator for a current having equal and regular 
pulsations. — 130. Case in which the pulsations are not continuous or 
regular. — 131. No limit to the celerity of the pulsations. — 132. 
Application of a toothed wheel to produce the pulsations. — 133. By 
a sinuous wheel. — 134. Method of diverting the current by a short 
circuit, its application to the alarum. — 135. Efiects of the cuiTent 
which have been used for signals. — 136. Deflection of magnetic needle. 

109. Since all telegraphic signals depend on the power of the agent 
who makes them, to transmit, control, and modify the current at 
will, it must be apparent how important it is for those who desire 
to understand this interesting subject, to comprehend in the first 
instance the means by which this power is obtained and exercised. 

It is necessary to remember that the current will flow along a 
line of conducting wire so long as, and no longer than, a voltaic 
battery is interposed at some point on the line, the wire being 
attached to its poles, and the remote ends of the wire connected 
with the earth, as explained in (23) and (36), and in that case the 
current will flow along the wire from earth to earth in such a 
direction as to enter the battery at the negative, and to leave it at 
the positive pole, and that provided the battery have adequate 
force, it does not matter how distant from its poles the points may 
be at which the wires are connected with the earth. 

If at any point of the line the wire is broken, the current 
instantly ceases along the entire line. If it be reunited the 
current is instantly re-established. If the connection of the 
wire with the poles of the battery be reversed, so that the end 
which was connected with the positive is transferred to the 
negative pole, and vice versd, the direction of the current along 
the entire line is reversed — since it must always flow from the 
positive and to the negative pole. If at any point the wire, being 
broken, be connected with another wire proceeding to the earth in 
any other direction, the current will be diverted to the latter wire, 
deserting its former course. If the wire conducting the current 
be connected at the same point with two wires both connected with 
the earth, it will be distributed between the two, the greater part, 
however, following that wire which offers the easier road to the earth. 

These few principles, which are clear and simple, supply an easy 
key to the whole art of electro-telegraphy. 

110. The class of mechanical expedients by which the agent 
who desires to transmit signals is enabled to control and modify 
the current in the manner here described, are called by the general 
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name of " coMinjTATOES," and are very various in form and 
arrangement according to the purposes to which, and the condi- 
tions under which they are applied. Not only do apparatus of 
this class difTer in different countries where telegraphs have been 
established, but they vary upon different lines, and even on 
different parts of the same line. Without attempting to follow 
these endless variations, many of which are quite unimportant, 
and all of which are mere varieties in the application of the 
general principles explained above, we shall here confine ourselves 
to such an illustration of them as will at the same time render 
intelligible their structure and operation, and convey a general 
notion of the manner of transmitting and receiving signals. 

111. Let us suppose that around the edge of a disc of ivory, 
wood, or any other insulating material, are inserted at convenient 
intervals pieces of metal, b, f, t, d, &c., &g, 47, which we shall 
call contact pieces, their purpose being to make and break the 
metallic contact which controls the current. At the back of the 
disc near these contact pieces are clamps or tightening screws by 
which conducting wires can be attached to them. 

To an axis in the centre of the disc let two metallic hands, A A' 
be attached, so that they can be turned round the disc like the 
hands of a clock, but having motions independent of each other. 
These hands may be supposed to be formed of elastic strips of 
metal bent at the ends towards the surface of the disc, so as to 
press upon it with some force : and let one of them move over the 
other without disturbing it, as the minute hand of a watch moves 
over the hour hand. Let a" be another similar hand, turning on 
a centre fixed upon the contact piece e, so that it can be turned at 
pleasure upon one or other of the contact pieces p or n. 

Now it is evident that by turning the hands A and a' upon any 
two of the contact pieces, they will be put in metallic connection, 
so that a current flowing from either of them will pass by the 
hands to the other, and in like manner by means of the hand a", 
either of the contact pieces p or N can be put in metallic con- 
nection with £. 

112. To convey a general notion of the application of such an 
apparatus to telegraphic purposes, we shall for example suppose 
conducting wires connecting the several contact pieces in the 
following manner : — 

1. p, with the positive pole of the battery, 

2. K, with its negative pole, 

3. £, with the earth. 

4. TT, with the up-line wire. 

5. D, with the down^Une wire. 

6. B, with a bell or alarum. 
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It may be necessary to state Iiere that it is customary to call 
the wire which proceeds to the chief terminal station of a line the 
up tDtrCy and that which proceeds to the secondary terminal station 
the down wire, Thus^ if a line of telegraph be extended between 



Pig. 47. 



Up. Line 



vplaii. L—ji 



CaltfOAonM&r^ ^ 



I 



3afi Ef^ 



priiBilii 



Down Lui* 




tZ^fUtfJhamtae, 



GalvonemAtr 



i 






CD 

SarlK. 

London and Dover, the wire which would connect London with any 
intermediate station would at that ttation be the up wire, and 
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the wire wMcli would connect it with Dover would be the down 
wire. 

The manner in which the current arriving at any station is made 
to ring a bell or alarum at that station, will be explained hereafter. 

Ill explaining the manner in which the agent at a station is 
enabled to control a current by means of the commutator, two 
cases are to be considered — ^first, when he desires to transmit 
signals ; and, secondly, when he expects to receive them. 

In the former case, he takes the current from his own battery ; in 
the latter, he receives it on its arrival by the up or down line wire. 

We shall first consider the case in which he desires to transmit 
signals. 

113. To transmit a current on the up line only, — ^Let the hand 
a" be placed on n, a on p, and a' on u. The negative pole N of 
the battery being then in connection with the earth E by the hand 
a", and the positive pole r in connection with the up wire tj by 
the hands L and a', while the up wire itself at the station at 
which it arrives is in connection with the earth, the current will 
flow from P by A and a' along the up wire to the station at which 
the wire goes to the earth. 

114. To transmit a current on the down line only, — Let a" and A 
be placed as before, and let a' be moved to d. The current will then 
flow on the down line, as may be explained in the same manner. 

115. To transmit a current along the entire line from terminus 
to terminus, — Let A' be turned upon tj, and A upon N, and let two 
similar hands at the back of the disc be at the same time turned 
npon p and d, the hand a'' being removed from both N and p. 
In that case, the current will flow from the positive pole p along 
the hands at the back of the disc to b, and thence on the down 
wire to the terminal station, where it will take the earth, by 
which it will pass to the earth plate at the up terminal station, 
and from thence by the up wire to u, and from v by the hands A' 
and A to the negative pole n. 

Thus it appears that it will pass along the entire line from 
terminus to terminus, flowing from the up station downwards. 

116. To reverse the direction of the current, — To accomplish 
this, it is obviously sufficient to reverse the connections with the 
poles of the battery. Thus, if the current be transmitted on the 
up line only, the hand a' will be upon v, a on p, and a" on »r, 
when, ^as already explained (113), the current will flow from v 
towards the up station. If a'' be removed to P, and A to N, the 
direction will be reversed, the course of the current then being as 
follows : — From the positive pole p to e by the hand a" ; from the 
earth b to the earth plate at the upper station; from that to 
the up. wire ; from thence to v, and from u by a' and A to n. 
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Thus, by alternately moving the hands a" and A between the 
contact pieces r and N, the current may be changed from one 
direction to the other on the up wire as often and as rapidly as 
may be desired. 

The same reversion may be made in exactly the same manner 
on the down wire, if the hand A' be turned upon D. 

The reversion may be made with equal facility and rapidity if 
the current be established along the entire line by merely inter- 
changing the position of the hands directed upon P and N, as 
described in 115. 

117. To suspend and transmit alteimately the current during 
any required intervals, — ^Whether the current be established on 
the up line or on the down line, or on both, this is easily accom- 
plished by removing any one of the hands from the contact piece 
on which it rests, and restoring it to its place after the required 
intervals. When it is withdrawn, the current is suspended; 
when restored, the current is re-established. The* intervals of 
such suspension and transmission may be as long or as short as 
may be desired. They may be equal or imequal. They may 
succeed each other with any degree of rapidity whatever. Thus 
there may be ten thousand intervals of suspension and ten 
thousand of transmission in a minute. The instantaneous cha- 
racter of the propagation of the electric fluid already noticed will 
sufficiently explain this. 

118. Having thus explained how the agent controls the current 
in transmitting signals to a distant station, we shall now show 
how he treats the current which arrives from a distant station, so 
as to allow it to produce before him the intended signals. 

The current must arrive either by the up wire or by the down 
wire, and therefore at either of the contact pieces, u or d. 

119. To make the arriving current give the alarm. — When the 
agent at a station is not engaged in transmitting signals, he must 
always be prepared to receive them. A contrivance called an 
alarum is provided, to give him notice when signals are about to 
be transmitted. The alarum, which will be fully explained here- 
after, is an apparatus so constructed, that whenever the current 
passes through it, a bell is rung, by which the attention of the 
agent is called. 

The contact piece b is here supposed to bo connected with a 
wire leading to such an apparatus. 

When not engaged in transmitting signals, the agent connects- 
both the up and down wires with his alarum. To accomplish 
this, he turns a' upon ir, and a upon b. The contact piece b 
being supposed to be connected with the wire which enters the 
alarum, the wire which issues from it is connected with b'. Two- 
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liauds, which are behind the disc, -arc placed one on b' and the 
other on d. In this case, if a current comes down the line to u, 
it will pass by the hands a and a' to b, and thence through the 
alarum wire to u', whence it passes by the hands at the back of 
the disc to d, and thence along the doAN-n wire. 

If, on the other hand, the current arrive by d, it passes in the 
same manner through the alarum to tj, and so along the up wire. 

From whatever part of the line the current may be transmitted, 
whether on the up or the down line, it must therefore pass through 
the alarum, and give notice. 

120. In some cases a station is provided with two distinct 
alarums, one for the down and the other for the up line, having 
different tones, so that the agent, on hearing them, knows from 
which direction the signals are about to come. 

In that case the wire of the up line alarum is attached to B, and 
that of the down line to b', the wires which issue from the two 
alarums being always in such case connected with the earth. 

"V\Tien the agent is not engaged in transmitting, he places the 
hands A' and a on i: and b, and the hands behind the disc on d 
and b'. If a current arrive by tt, it passes by b through the alarum 
to the earth, and gives notice. If it arrive by d, it passes in like 
manner through the alarum b' to the earth, and gives notice. 

It is, however, more usual to have a single alarum at each 
station, acting as above described. 

The connections being so arranged that the current shall pass 
along the entire line from terminus to terminus, all the alarums 
at all the stations will be rung the moment the current is trans- 
mitted. General notice is therefore given that a dispatch is about 
to be sent from some one station along the line to some other. 

121. It is necessary, however, to inform the agents at each 
station of the place from whence the dispatch is about to be sent, 
and the place to which it is to be addressed. To learn this, the 
agent transfers the connections from the alarum to his telegraphic 
instrument. This is accomplished by removing the hand A from 
B to T, and connecting the wire coming from the telegraphic 
instrument by the hands at the back of the disc with D. By this 
change the current passes from ir to t, from t through the 
telegraphic instrument to b, and from thence down the line. 
The signals transmitted appear upon the telegraphic instrument, 
informing the agent whence the dispatch will come, and where it 
is desired to transmit it. 

122. If he find that it -is not to be addressed to himself, his 
arrangements will depend on the position which his own station 
holds in relation to the two stations between which the dispatch 
is about to be transmitted. If his station lie between them, he 
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turns the hands A and x' upo& the contact pieces tj and D, so as to 
allow the current to pass between the up ^vire and the down wire, 
along the hands without interruption, and also without spending any 
part of its force in needlessly working his telegraphic instrument. 

123. If he find that the dispatch is intended for himself, and 
that it proceeds from a station on the up line, for example, he 
places the hand A' upon tj, a upon t, and by the two hands behind 
the disc he connects the wire issuing from the instrument with e. 
By this arrangement, the current arriving at v passes by the 
hands a' and A to t, thence through the telegraphic instrument to 
E by the hands behind the disc and to the earth. 

In this case the course of the current is limited to the part of 
the line wire which is included between the station from which it 
is transmitted and that to which it is addressed. By connecting 
the telegraphic " instrument with the earth by e, the down 
line wire is free ; so that while the up line wire is employed in 
conveying the dispatch in question, other dispatches may be 
transmitted between any stations on the do>vn line. 

124. If we express for example the chief terminal station by s, 
and the series of stations upon the line proceeding from it down- 
wards by Si, Sj, Sg, 8^, &c., we can conceive various dispatches to 
be at the same time transmitted between them by the arrange- 
ment here explained, being made at each station which receives a 
dispatch. Thus, if s sends a dispatch to s^, and s^ cuts off its 
communication with the down wire by putting its telegraphic 
instrument in connection with the earth, the current transmitted 
from 8 stops at 8^. A dispatch may therefore be at the same 
time sent between s, and Sj, another between s^ and Sg, and so on. 

Thus, the same line of conducting wire may be at the same 
time engaged in the conveyance of several dispatches, the only 
limitation being that when a dispatch is being transmitted 
between two stations, no other dispatch can at the same time be 
transmitted between any of the intermediate stations. 

It follows &om this as a necessary consequence that if, as generally 
happens in thickly peopled tracts of country, the terminal and 
one or two of the most populous of the intermediate stations keep 
the telegraph in constant work, separate and independent wires, 
and instruments must be provided to serve the secondary inter- 
mediate stations, just as upon railways, second and third-class 
trains are provided to serve those lesser stations on the line, which 
are passed by the first-class trains without stopping. 

Every great telegraphic line presents an example of this. Thus 

upon the Dover line separate wires and instruments are appropriated 

to the transmission of dispatches between the terminal stations, 

London and Dover, and the intermediate stations, Tonbridge, 
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Ashford, and Folkestone. The conducting wire passes through 
the telegraph offices at these three intermediate stations, hut does 
not enter any of those of inferior importance, such as Godstonc, 
Penshurst, Marden, Staplehurst, &c., to the service of which other 
conducting wires and instruments are appropriated. 

125. Since, however, telegraphic communication must be pro- 
vided between all the intermediate stations, and since the chief 
wires passing the chief intermediate stations do not enter the 
secondary ones, it follows that the wires of the secondary stations 
must be carried not only to the terminal stations, but also through 
all the chief secondary stations. Thus the wires, which pass through 
the stations of Godstone and Penshurst, must also pass through 
those of Tonbridge, Ashford, and Folkestone, since otherwise there 
could be no communication between the latter and the former. 

From what has been already explained, it will be understood 
that every two secondary stations along the line can communicate 
at the same time with each other, no stations being compulsorily 
silent, except such as may lie between two communicating ones. 
To illustrate this, let us suppose the secondary stations from ter- 
minus to terminus of the line to be expressed by the small letters, 
and the chief stations, terminal and intermediate, by the capitals^ 
in the following order : 

A, by 0, dj e, F, rjr, A, t, K, /, m, w, 0. 
Jfow, by the secondary wires a and 6, h and c, c and d, and so on, 
may at the same moment hold communication. But if A and d 
communicate, h and c can communicate neither with each other, 
or with any other station. They are compulsorily silent. In like 
manner, if a and m communicate, 6, c, d, 6, g. A, i and / are all 
compulsorily silent. 

Hence it will be apparent how necessary it is to put chief inter- 
mediate stations like f and i: on the primary wires, since if they 
could communicate with a and o only by the secondary wires, 
frequent interruptions to the communications of all the secondary 
stations with each other would take place. 

It will be also apparent that on lines of great intermediate 
business, a third or even fourth system of wires would be necessary. 

This will render it easily imderstood why such a multiplicity of 
wires are seen stretching along the parts of the lines near London. 

lines of telegraph, like lines of railway, often have branches 
which are connected either with the primary or secondary wires of 
the main line, or with both, according to tlieir importance. For 
example, on the main line between London and Dover, there are 
branches which go to Maidstone on the one side, and to Tonbridge 
Wells on the other. Sometimes these branch wires are provided 
with means of connection with the main line wires, so that the 
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stations on the main lino can commiinicate directly with those on 
the branch line. Sometimes no such connection is provided, and 
a dispatch from the main line must be repeated at the branch 
station. This is a defect which ought never to be allowed to remain, 
inasmuch as simple and efficient commutators may always be 
provided for connecting the branch and main lines, which in the 
telegraph play a part similar to the switches by which trains are 
turned from the main to the branch line, or vice versd. 

It wiU be evident from what has been said that a dispatch 
transmitted upon the secondary line of wires may be delivered at 
the same time at all the stations from terminus to terminus along 
the line, or it may be allowed to pass any one or more stations 
without entering them, by the mere management of the commu- 
tators provided at the stations severally. 

126. In what has been said, we have adverted to signals pro- 
duced by the current, without explaining the nature of those 
signals, or the particular means by which they are produced, 
because all the circumstances attending their transmission from 
station to station, which have been explained, are quite indepen- 
dent of the particular character of the signals, and the way of 
producing them. We shall hereafter explain the character of the 
signals which are used, and the instruments by which they are 
produced. 

From all that has been stated meanwhile, it may be inferred 
generally that by the commutating apparatus which has been 
described above, or by any of the endless variety of equivalent 
contrivances which telegraphic inventors have proposed, any of the 
following effects may be produced by an agent at any station, at 
which a current arrives : — 1. Such a current may be made to pass 
through the alarum, and give notice to the agent of its arrival. 

2. It may be made to pass through the instrument and give signals. 

3. It may be made to pass the station and continue its course 
along the line without affecting any part of the telegraphic appa- 
ratus at the station, 4. If it pass through the alarum, or through 
the instrument, it may be turned into the earth, and so be prevented 
from going further along the line. 5. If it pass through the 
alarum or through the instrument, it may after leaving them be 
directed along the line, so as to continue its course to the other 
stations below or above that at which it is supposed to arrive. 

127. In some forms of telegraph, the system of signs transmitted 
to a distant station depends entirely upon the current being alter- 
nately suspended and transmitted for longer and shorter intervals, 
and this succession of long and short intervals, variously combined 
like the notes in music, is converted into a sort of telegraphic 
language, which by practice is expressed and understood by the- 
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agent with as muoli facility and promptitude as ordinary written 
or spoken language. 

128. In such forms of telegraph, the alternate suspension and 
transmission of the current, is produced by a commutator, which 
has the form of the key of a pianoforte and is played upon in a 
yery similar manner by the agent who transmits the dispatch. 

One of the forms of these keys and the mechanism connected 
with it, is represented in lig. 48. It is fixed upon a wooden block 



Fig. 48. 




B B. The key plays upon a centre E. To the lower side of the 
longer arm (e d) is attached a projecting piece of metal v, caUed 
the HAMMEB, under which is a fixed piece of metal of correspond- 
ing form and magnitude called the anyil. 

The action of the key upon the current is the same precisely as 
that already described (117) which is produced by the alternately 
removing and restoring the hand to the contact piece in fig. 47. 
The hammer in the present case represents the hand, and the anvil 
the contact piece. One of the line-wires wi, is attached to the 
anvil, and the other n to the metallic support e of the hammer 
and key. When the hammer is in contact with the anvil, the 
current passes, and when it is raised from that contact, the current 
is suspended. 

The button d is faced with ivory to be pressed down by the 
finger, and the screw d passing through the short arm of the key 
is pressed \ipon the block x by the reaction of the spring r, when 
the key is not pressed down by the finger on d. The hammer v, 
and anvil q are both faced with platinimi to prevent oxydation, 
livhich would obstruct that complete metallic contact which is 
necessary to ensure the transmission of the current. 

An expert manipulator can work the key d with as much 
celerity and correctness as can a performer on the pianoforte and 
can express in that way in telegraphic lauguage any dispatch 
which is placed in manuscript before him, so as to transmit it to any 
distant station. This will be explained more fully hereafter. 
When no dispatch is being transmitted from the station at which 
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the key is placed, it is necessary to leave a free passage for the 
current along the line-wires m w. To effect this, the screw d, 
which passes through the short arm of the key, is turned so as to 
raise the short arm, and consequently lower the arm e d until the 
hammer v is brought into permanent contact with the anvil q, 
"When that takes place, the metallic continuity between m and n 
will be estal)lished, and the current will flow without interruption 
on the line-wire. Whenever it is desired to transmit a dispatch, 
the screw d is turned so as to IcJWer the arm <f, and to raise E d, 
and thus to raise the hammer from its contact with the anvil. 
The key is then ready for the transmission of the dispatch in the 
manner already described. 

129. In some telegraphic apparatus it is necessary to make the 
intervals of transmission and suspension of the current absolutely 
equal in duration, and to succeed each other with chronometric 
regularity. There are many expedients by which this can be 
accomplished, of which the following is an example. 

A metallic wheel put in connection with clock-work, so as to 

Fig. 49. _ o.,,^ yf. 




receive a regular motion of rotation, has its edge divided into 
equal parts by pieces of ivory, or some other non-conductor inlaid 
upon it, as represented in ^. 49, where m represents the metal, 
and i the ivory. A metallic spring r* connected with one end of the 
conducting wire w', presses constantly upon its edge ; and another 
r connected with the other end of the wire w, presses constantly 
on the metallic axle of the wheel which is otherwise insulated. 

Now, if the wheel be supposed to have an uniform motion of 
revolution, the alternate divisions of ivory and metal on its edge 
will pass in succession under the spring /, while the spring r will 
be in constant metallic contact with the axis. If a current flows on 
the wire w, it will be transmitted by the spring r to the axle, and 
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thence by the metal of the wheel to r', when r* is in contact with 
any of the metallic parts m of the edge of the wheel, but will be 
suspended while it is in contact with the ivory parts % of the edge. 
If the wheel, being impelled by clock-work, be moved at such 
a rate that each of the divisions marked m and i shall move under 
the spring in one second, the current will be transmitted and sus- 
pended also during intervals of one second. It will in fact be sub- 
ject to a regulated pulsation, the rate of which will be controlled and 
determined by the ho^logical mechanism which impels the wheel. 

130. In somo cases, the motion to be imparted to the wheel is 
not either regular or continuous. In such cases, it may be moved 
either directly by hand, or by a strap, or even by clock-work, 
which is subject to a check which will suspend it at certain 
positions of the wheel. In all these cases the pulsations of the 
current in number, length, and continuance, are governed by 
the motion imparted to the wheel. 

131. As the suspension and transmission of the current are 
instantaneous upon the breach and re-establishment of the metallic 
contact of the spring r' and the wheel, there is no practical limit to 
the rapidity which can be given to its pulsations. The wheel may be 
turned, for example, so that 500 divisions of its edge may pa^s under 
the spring r' in a second, in which case there would be 250 intervals 
of transmission, and 250 intervals of suspension in a second. 

It might perhaps be imagined that in so short an interval of 
time the current could not be stopped or established along the 
entire length of the conducting wire. It has however been shown 
that even with the longest continuous wires, practically used in 
telegraphs, the ten-thousandth part of a second is more than 
enough either to establish or stop the current. 

132. The intervals of the suspension of the current may be 
produced by a common toothed- wheel, 
as represented in fig. 50, without ivory 
or other inlaid non-conducting matter. 
In this case, a piece of wedge-shaped 
metal connected with the up line wire 
is attached to the under side of a 
wooden lever, whiLe the axle of the 
wheel is kept in constant metallic con- 
nection with the down wire. When 
a tooth of the wheel comes against the 
metal attached to the lever, metallic 
contact is established, but when the 
metal falls between the teeth, and the ^< 
surfSEUie of the wooden lever rests on one of them, and the metallic 
contact being broken, the current is suspended. 
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It is eTident that during each revolution of the wheel there will 
he as many pulsations of the current as there are teeth, and since 
the rotation of the wheel may be as rapid as may be desired, and 
the teeth as numerous, there is no practical limit to the possible 
rapidity of these pulsations. 

13*3. Another contrivance, by whicli pulsations are imparted to 
the current, consists of a metallic wheel around the face of which 
a sinuous groove is cut, in which a pin, projecting from the arm 
of a metallic lever is inserted, so that when the wheel is turned 
upon its axis, the pin attached to the lever receives from the 
sinuosities of the groove a motion alternately right and left, whicli 
is imparted to the other ai'm of the lever. Tliis latter arm plays 
between two metallic stops, one of which is connected with the wire 
w, along which the current flows. AYhcn the arm of the lever 
comes in contact with it, the current is transmitted on the lever 
to the sinuous groove of the wheel, and from thence to the line- 
wire w'. AVhen the lever oscillates to the other side, the contact 
with the wire w is broken, and the current is interrupted. 

This will be more clearly understood by reference to the fig. 51 , 
where a B is the Avliecl, c c c the sinuous groove, g o h the lever 

playing on the axis o. From 
short projecting piece, 
passes in front of the 
wheel across the groove, and 
from this piece a pin projects, 
whicli enters the groove. The 
arm ii plays between two 
stops, r and p', provided with 
springs to ensure the contact 
with the lever. The stop P 
is connected with the con- 
ducting wire w, and the groove 
c is connected with the wire 
w'. When the wheel is turned, 
the pin at g' is driven by the 
sinuosities of the groove alter • 
nately right and left, by which 
a corresponding motion is imparted to the arm n of the lever, so 
that its end is driven alternately against the stops P and P'. 
When it is tlirown against P it is in metallic connection with the 
wire w. When it is thrown against i*' that connection is broken. 
jS'ow, if a current flow along p, it will pass to the lever when H 
falls against r, and will pass by the lever and the groove c c to the 
wire w'. '^ When the arm H is thrown against p', the contact with 
p being broken, the current is suspended. Thus, as the lever is 
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made to oscillate between p and p', by the motion of tbe wheel and 
the action of the sinuous groove, the current will be alternately 
transmitted and suspended, and will, in fine, receive a succession 
of pulsations corresponding exactly with the sinuosities of the 
groove. Thus, if there be sixty undulations of the groove in the 
circumference of the wheel, the current will receive sixty pulsa- 
tions in one revolution of the wheel, and if the wheel revolve at 
the rate of sixty revolutions per minute, the current will have 3600 
pulsations per minute. 

134, An expedient has been sometimes adopted in telegraphic 
apparatus for diverting the electric current from its direction, 
which differs in principle from the commutator, and which 
depends on the tendency of the current to follow the shortest and 
widest route open to it between one point and another. 

Let w, fig. 52, be the line-wire, b the bell-apparatus, and T 
the telegraphic instrument. The line-wire is bent upwards in 
the direction m to the 



Fig. 52. 
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bell B, and then down- 
wards, and by m' and 
W to the telegraph T. 
The current would, ac- 
cording to this arrange- 
ment, first pass by the 
wire m to the bell B, 
which it would ring, 
and then by the wire 
m' w' to the telegraph T, 
If the dispatch were 
then transmitted, the 
current constantiy pass- 
ing through b during its 
transmission, the bell 
would be constantly 
ringing, which would be inconvenient as well as unnecessary. 

This is prevented, and the current transmitted directly to t, 
without passing through b, by the following very simple expedient, 

A thick piece of metal, a &, turns on an axis e, so that when it 
is placed in the horizontal position, the ends a and h arc brought 
into close contact with the conducting wire at e and /. The 
current, on arriving at e divides itself into two parts, one going 
hj ah toff and thence to T, and the other as before, by m, through 
the beU. But as a 6 is much shorter and thicker than the wii'e 
m m'j the greater part of the current will go by a b, and the part 
which passes along m m' will be too inconsiderable to exercise the 
force necessary to ring the bell. 
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The agent, therefore, at the station, receiying the dispatch, 
being warned by the bell that the agent at the station s is going 
to send a dispatch, turns the piece a h into the horizontal position, 
and the bell ceases to ring, the telegraph T receiving the dispatch. 

135. The manner in which the pulsations of the current are 
produced, controlled, and regulated, by the operator at the station 
h" being understood by these examples and illustrations, it will 
next be necessary to show how they are made to produce signals 
at the station to which the dispatch is transmitted, by which the 
operator or observer there can be enabled to understand and 
interpret the communication. 

The effects of the current which have been found most conve- 
nient for this purpose are — 

1st. Its power to deflect a magnetic needle from its position of 
rest, and to throw it into another direction. 

2nd. Its power to impart temporary magnetism to soft iron, 
this magnetism suddenly deserting the iron when the current is 
suspended. 

3rd. Its power to produce the chemical decomposition of certain 
substances. 

136. All forms of electric telegraph depending on one or other 
of these properties of the current, it is indispensably necessary to 
understand them before the reader can hope to comprehend the 
mode of operation of these wonderful instruments. 

If a wire be extended over and under a compass-needle which 
directs itself to the magnetic north and south, parallel to the 
needle, and as close to it as it can be placed without actually 
touching it, as represented in fig. 53, the needle will remain 
undisturbed in its position. Let the ends p and n of the wire be 
Fig. 63. then attached to the poles of a vol- 

^ taic battery, .so that a current of a 

I certain intensity shaU be transmitted 

upon it. The moment the current is 
established upon the wire, the mag- 
netic needle a b will be thrown out 
of its usual direction, and instead of 
pointing north and south, it will 
point east and west. 
If the direction of the current upon the wire be reversed, the 
direction of the deflexion of the needle will be reversed. 
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137. To explain the maimer in whicli the deflection of the 
needle depends on the direction of the current, let us suppose 
the needle to be placed on an horizontal axis o, flg. 54, so as to 

play in a vertical plane, and to be 
maintained in the vertical direction 
when not affected by the current, by 
giving a slight preponderance to the 
arm on which the south pole of the 
needle is placed. By this arrangement 
the needle, when undisturbed, will rest 
in the vertical position, the north pole 
If being directed upwards, and the 
south pole s being directed downwards. 
Now if the current which is before 
the needle be directed downwards and 
that which is behind it upwards, the 
north pole N will be deflected to the 
righty and consequently the south pole s to the lefty as represented 
in the figure. But if the direction of the current be reversed so 
that before the needle, it shall be directed upwards and behind 
it downwardsy the north pole N will be deflected to the left and 
the south pole s to the right. 

If the intensity of the current be great, and the preponderance 
given to the lower arm of the needle small, the deflective force of 
the current will be sufficient to throw the needle completely at 
right angles to its position of rest, that is, to give it the horizontal 
direction ; but it is important to observe, that no greater intensity 
of the current can affect it further. The north pole, for example, 
cannot be deflected downwards, or the south pole upwards. In 
fine, the needle cannot be more affected by any increase of force 
of the current after it has once been thrown into the horizontal 
direction. 

If the intensity of the current be insufficient to throw the needle 
into the horizontal direction, it will nevertheless take a position 
intermediate between that and the vertical direction at which it 
will rest. Its deflection from the vertical will be more and more 
considerable as the current is more intense, and certain mathe- 
matical conditions have been discovered by which the relative 
intensity of the current may be determined by the amount of 
the deflection of the needle which it produces. 

138. It is evident that the sensibility of the needle will be so 
much the greater as the preponderance of the arm s is diminished 
and the intensity of the current increased. An expedient has, 
however, been ingeniously contrived, by which the most feeble 
current can be made to affect the needle. This is accomplished by 
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'winding the wire wMch carries the current several times round 
the needle, each coil being still parallel to the needle. By this 
contrivance, each successive coil of the wire produces a separate 
effect upon the needle, and if there be fifty such coils passing suc- 
cessively before and behind the needle, each portion of the wire 
thus carrying the current producing an independent deflecting 
force, there will be a total deflecting force an hundred times greater 
than that which a single portion of the wire, passing once over or 
under the needle would produce. 

In this manner the deflecting power of the most feeble current 
may be so multiplied as to produce upon the needle as powerful an 
effect as would be produced by a current of great intensity. 

An apparatus consisting of wire thus coiled round a magnetic 
needle is called a HiJLTiPLrigB, inasmuch as it multiplies the 
deflecting power of the needle. It is also called a eeoscope, or 
KEOMBTEE,* and sometimes a galvanoscope, or galvanometee, 
inasmuch as it indicates the presence, and by certain arrange- 
ments, measures the intensity of a galvanic or voltaic current. 

139. When the conducting wire is thus coiled round a needle, 
it is necessary that it should be covered or coated by some substance 
which is a non-conductor of electricity, since otherwise the coils 
being necessarily in contact one with another, the current, instead 
of following the continuous thread of wire, would pass from coil to 
coil. In such oases, therefore, the wire is wrapped with sUk or 
cotton, which being a non-conductor, confines the current within 
it just as water would be included in a pipe. 

140. As the wire coiled in the manner above-described, and the 
frame which carries it, would prevent the play of the needle from 
"being easily and conveniently observed, the needle included within 
the frame is fixed upon the axis which supports it, so that the 
axiB turns with it. This axis passes through the side of the frame, 
on which the wire is coiled, and upon the end of it which projects 
"beyond the frame a hand is fixed, so as to be parallel to the needle, 
the play of which will, necessarily correspond with that of the 
needle. This hand plays upon a sort of dial, by which its devia- 
tions to the right or to the left, from its position of rest are 
indicated. 

This will be more clearly understood by reference to fig. 55 
(p. 196), which represents a section of the mounting of the needle, 
the coil of wire and their appendages, made by a vertical plane 
through the axis of the needle. The needle within the coil is 
represented at a 5, in its position of rest. The axis of the needle 

* From two Ghreek words, p€os (reos) a current^ and fjLerpov (metron) a 
measure. 
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parsing throngli tiie ttame sapporting the coil, and timmgh the 

dial plate, supports m front of tlie dial the hand a b', vhioh ia 

-- fixed upon, the axis m a. ponbon pandlel to 

the needle a b, ao tliat it must play before the 

bal in a maimer ooTresponding exactly iritli 

he play of the needle a b within tlie ooiL 

141 In order to govern the play of the 
needle, it la necesaaiy that the agent at the 
station &om vhioh the signal is transmitted 
should have the power, let To suspend and 
transmit the current at the receiving station ; 
and 2nd To change its directum upon the 
couductuig wire. The fbrmei is necessary, to 
enable him to bring at all times the needle to 
■ B position of rest ; and the latter, to deflect 
it to the right or to the left, according to the 
exigencies of the telegraphic oommimicationB. 

The general principle on which these changea 
n the flow and direction of the current are 
efleoted, has been already explained (111). It ia easy t< 
that by very sin^e mechanism the movement of a lever oi 
may nuike oi break the contact of the conducting wires, so as to 
transmit or suspend the current at pleasure. Also by a simple 
motion of Buchan arm thehands, a and a", fig, 48, or any equivalent 
pieces, may be moved from f to u and fromu to p, so as to reverse 
the current upon the wire to which the arm a' is directed. 

If then an agent at the station, s", for example, be provided with 
any means of suspending or reversing the current which passes 
along the wire, between 8 and a", he can at will bring a magnetio 
needle, moiuted at a, tA its position of rest, that is, to the vertical 
position, by suspending the current or deflect it to the right, by 
causing the current to flow in one direction on the conducting 
wire, or to the left, by reversing the direction of the current. 
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which these several operations sub* 
serve to tol^raphio purposes will be pre- 
sently explained. 

142. To explain the manner in which the 
electric current can impart temporary mag- 
netism to soft iron, let us suppose a copper 
wire wrapped with silk, to prevent the me- 
tollio contact of contiguous convolutions, to 
be coiled round a rod of soft iron, bent into 
the form of a horse'shoe, as represented in 
fig. 56, oare being taken, that in carrying 
the wire &om one aim to the other, Uie 
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direotioii of the oonTolntianB shall he the eame bs if the coUb had 
been continQed round tite bend. 

Bo long as no electric cnnent posses along tlie convolutions of 
the wire the hone-shoe will be free tram magnetiam, But if the 
ends of the wire, marked + and — , be put in oonnection with the 
poles of a voltaic battery, so that a cmrent flow Toimd iU convo- 
IntioDS, the hoise-Bboe will instantly become a magnet, and will 
be BO mnch the more powerful as the onrrent is more intense, and 
the coils more multiplied. 

If an armature loaded with a weight be presented te the ends 
of the horse-shoe while the current pasaes on the wire, it will 
adhere to them, and the weight, if not too great, will be sup- 

143. In 1830 an electro-magnet of eitraordinHrv power wa8 
oonstructed Tmder the superinteudenoe of M. Fooillet, at Paris. 
This apparatoB, represented in tig. 57, consiste of two horse-shoes, 
the 1^ of which are presented to 

each other, tiie bends being turned 

inoontrarydireotions, The superior 

iLOrse-shoo 19 fizedinthe frameof the | 

appaietos, the inferior being attached 

to a oniss'piece which slides in tct- 

tioal groovea formed in the sides of 

the feime. To this crosB-pieoe a dish 

or plateau is suspended in which 

weights are placed, by the effect of 

'which the attraction which unites the 

two horse-shoes is at length overcome. 

Each of the horse-shoes is wrapped 

with 10,000 feet of covered wire, and 

tbey are so arranged that the poles 

of contrary names shall be in contact With a current of 

moderate intensity the apparatus ia capable of supporting a weight 

of Beverol tons. 

144. It is found more convenient generally to construct 
eleotro-magnete of two straight bora of soft iron, united at one 
end by a straight bar transverse to them, and attached to them 
by screws, so tiiat the ibnn of the magnet ceases to be that of 
a horse-shoo, the end at which the legs are united being not 
carved but square. The conductor of the heliacal ooirent is 
UBually a w^iper wire of extreme tenuity. 

146. In whatever form these magnets are conBtruoted, the 
oironmstance which in their telegraphic use is of most importance 
to notice, is that if proper conditions he observed in their pre- 
paration, their acquisition of the magnetic virtue upon the 
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establishment of the current, and their loss of it upon the suspen- 
sion of the current, are, for all practical purposes, instantaneous. 
The moment the extremities of the wire coiled round the horse- 
shoe are put into connection with the poles of the battery the 
horse-shoe becomes a magnet, and the moment the connection with 
the battery is broken it loses the magnetic virtue. 

146. It has been already shown, that by means of very simple 
expedients, the current may be interrupted hundreds or even 
thousands of times in a second, being fully re-established in the 
intervals. The acquisition and loss of magnetism by the horse- 
shoe accompany these pulsations with the most perfect and 
absolute simultaneity. If the pulsations of the current be pro- 
duced, at the rate of a thousand per second, the alternate presence 
and absence of the magnetic virtue in the horse-shoe will equally 
be produced at the rate of a thousand per second. Kor are these 
effects in any way modified by the distance of the place of inter- 
ruption of the current from the magnet. Thus, pulsations of the 
current may be produced by an operator in London, and the 
simultaneous pulsations of the magnetism may take place at 
Vienna, provided only that the two places are connected by a con- 
tinuous series of conducting wires. 

147. It remains to show how these rapid pulsations of the mag- 
netism of the bar can be rendered sensible, and how they may 
even be estimated and counted. 

Let two straight rods of soft iron be surrounded by a succession, 
of convolutions of covered wire, such as has been already de- 
scribed, and let the ends, m, wi', fig. 58, of these rods be connected 

by a straight bar of soft iron, attached 
to them by screws and nuts. Let the 
wire, a 6, proceeding from a distant 
station, s, be put in metallic connection 
with the extremity of the wire coiled 
upon the rod, m, and let the wire, a' J/^ 
connected with the extremity of the 
last convolution of the wire on the rod, 
m'y be put in metallic connection with 
the earth. If a current flow along a by 
it will therefore circulate roimd the rods, 
m and m', and will pass to the earth by 
the wire, a' V, So long as this current 
flows, the rods will be magnetic, and 
they will lose their magnetism in the 
intervals of its suspension. 
Let ^ A be a light iron bar, supported on a pivot, at o, on which 
it is capable of playing, so that its arm, o g^ may move freely to 
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the right or left. Let tfhe two stops, placed a small distance to 
the right and left of its extremity, ^, so as to limit the range of 
its play. Let « be a spring attached to the extremity. A, by 
which that extremity will be constantly drawn to the left, and 
therefore the opposite extremity, g, thrown to the right against 
the stop, t. When the current is suspended, and the rods, m m\ 
divested of magnetism, the lever yielding to the action of the 
spring, «, the end, g, will rest against the stop, t But when the 
current passes on the wire, the rods, m m', becoming magnetic, 
will attract the arm, o g^ of the lever, and this attraction 
exceeding the force of the spring, the arm, og^ will be drawn 
towards the electro-magnet, until it encounters the stop, t'y against 
which it will rest so long as the current continues to flow. But 
the moment the current is suspended, the bars, m m', suddenly 
losing their magnetism, the lever, o g^ is abandoned to the action 
of the spring, and it is again thrown back upon the stop, <, where 
it rests until the current is re-established. 

Let us suppose that an agent at the station, s, to which the 
wire, a J, extends, and which may be at any distance, 600 nules 
for example, from s", is supplied with any of the means which 
have been explained, by which he can at will control the pulsa- 
tions of the current. When he causes the current to flow, he 
imparts magnetism to the bars, m m', and throws the lever, o g^ 
against the stop. If, When he suspends the current he deprives 
the bars, m m', of their magnetism, and leaves the lever, o ^, to 
the action of the spring, «, by which it is thrown against the 
stop, U 

It appears, therefore, that with each pulsation which the current 
receives from the agent at s, the lever, o g, at s'', 500 miles distant 
from him, will perform a vibration between the stops, t and If . 
As the transmission and suspension of the current, and also the 
acquisition and loss of the magnetic power, by the rods, m mf, are 
both instantaneous, there is no practical limit to the velocity of 
the pulsations of the current and those of the magnetism alternately 
acquired and lost by the rods, m m'. The oscillations of the lever, 
o ffi produced by these pulsations are limited, however, by the 
weight of the lever, the force of the spring, and the distance 
between the stops, t and if. The greater the weight of the lever, 
the force of the spring, and the distance between the stops, the 
slower will be the motion of the lever from ^ to ^, produced by a 
current of given intensity. The greater the weight of the lever, 
and the distance between the stops, and the less the force of the 
spring, the slower will be the motion from t' to t. 

The stop, if, is so placed as to prevent the absolute contact of 
the arm of the lever with the electro-magnet, but to allow it to 
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approach the latter very dosely. Absolute contact is to be 
avoided, because it is found that in that case the arm adheres to 
the magnet with a certain force after the current ceases to flow, 
but so long as absolute contact is prevented, it is immediately 
brought back by the spring, a, when the current is suspended. 

148. It is evident, therefore, that the limit of the possible 
celerity of vibration to be imparted to the lever, o^, by the pulsa- 
tions of the current will depend on. the nice adjustment of the 
weight and play of the lever, and the foroe of the spring, s. 

The velocity of oscillation, however, which can in this way be 
imparted to the lever, is such as can scarcely be credited with- 
out actually witnessing its effects. When that velocity does not 
exceed a certain limit the oscillations may be registered and 
counted, by causing the lever to give motion to the anchor of an 
escapement, connected with a train of wheel- work, by which a 
hand or index, moving on a graduated dial, is governed. Bnt 
these oscillations are susceptible of velocities so great that it 
would be difficult to apply this expedient for counting them. M. 
Gustavo Froment, of Paris, suggested and applied to this purpose 
with complete success, a method of ascertaining the velocity 
depending on the laws which govern the vibrations of musical 
strings. 

149. It is weU known that the pitch of any musical note is the 
consequence of the rate of vibration of the string by which it is 
produced, and that the more rapid the vibration the higher the 
note will be in the musical scale, and the slower the vibration the 
lower it will be. Thus the string of a pianoforte which produces 



the bass note *^' rj— vibrates 132 times in a second, that 



which produces the note { vibrates 66 times in a second, 

and that which produces the note fo \ vibrates 264 

times per second. 

On a seven octave pianoforte the highest note in the treble is 

three octaves above fe_fjL-- , and the lowest note in the bass is 

four octaves below it. The number of complete vibrations corre- 
sponding to the former must be 3520 ; and the number of vibra- 
tions per second corresponding to the latter is 27^. 

If, therefore, the lever, o g, have any rate of vibration more 
rapid than 27| vibrations per second, and less rapid than 3520 per 
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second, it wiU prodnce by its motion some definite musical sonnd, 
and if the note formed npon a pianoforte, which is in tmison with 
it, be fdimd, the rate of vibration of the string producing that note, 
^fdll be the same as that of the lever. 

When it is stated that the vibrations imparted by the pulsations 
of the current to levers, mounted in the manner here described, have 
produced musical notes nearly two octaves higher than the highest 
note on a seven octave piano, tuned to concert pitch, it may be 
conceived in how rapid a manner the transmission and suspension 
of the electric current, the acquisition and loss of magnetism in 
the soft iron rods, and the consequent oscillation of the lever, upon 
vrhioh these rods act, take place. The string which produces the 
highest note, on such a piano, vibrates 3520 times per second. A 
string which would produce a note an octave higher would vibrate 
7040 times per second, and one which would produce a note two 
octaves higher would vibrate 14080 times per second. 

It may, therefore, be stated, that by the marvellously subtle 
action of the electric current, the motion of a pendulum is produced, 
by which a single second of time is divided into from twelve to 
fourteen thousand equal parts I 

150. It has been already shown how the motion of clock- 
work may be applied to con^l and regulate the pulsations of the 
eleotric current. We shall now show how, on the other hand, the 
polBations of the current may be made to govern the motion of 
'wheel-work. This expedient must be regarded with the more 
interest inasmuch as it has been applied with the greatest effect 
in several of the varieties of electric telegraph, which have been 
proposed or brought into operation. 

151. If we suppose the lever g A, fig. 58, to be put into connection 
-with the anchor of the escapement wheel of a system of clock-work, 
it will be easy to see how that clock-work can be regulated by the 
pulsations of the electric current. 

In ^, 59 (p. 202), w V is the escapement wheel which is con- 
fitantly impelled by tilie force of a descending weight or mainspring 
in ilie direction of the arrows. The anchor A b c, of the escapement, 
is connected with an axis d, by the straight rod b d. This rod b d 
may be either the vibrating arm of a lever, such as ^ A, fig. 58, 
kept in oscillation by the current acting on an electro-magnet, or 
it may be connected with such a lever in any convenient manner, 
«o as to osdllate simultaneously with it, and to have the extent of 
play necessary for the action of the pallets A and c of the anchor 
OIL the teeth of the escapement wheeL 

When the anchor is not in a state of oscillation, a tooth of the 
wheel will rest upon one of its pallets, and the wheel and clock- 
work connected with it will be stopped. When* the anchor moves 
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Fig. 50. 



from left to right, the tooth of the wheel, which was previouslf 
stopped by the upper surface vl of the pallet c, is allowed to escape, 

and in obedienoe to the 
power of the spring or 
weight, which moves 
the clock-work, it ad- 
vances towards m'. 
Meanwhile the pallet A 
enters the space be- 
tween two teeth of the 
wheel, one of which 
coming against its lower 
surface, it stops its 
motion. When the an- 
chor moves back from 
right to left, the pallet 
c comes under the next 
tooth of the wheeL In 
this manner every move- 
ment of the anchor to 
the right lets a tooth, 
which was stopped by 
the pallet c, advance, 
and afterwards the pal- 
let A stops the advance 
of another tooth, while 
every movement to the 
left lets the tooth 
stopped by A advance, 
and afterwards the 
pallet c stops the next tooth which advances on that side. 

Thus each complete oscillation of the anchor, consisting of a 
motion to the right and a motion to the left, lets one tooth of the 
escapement wheel, and no more, pass. 

Now if we suppose the pulsations of the current to impart to 
the anchor by the intervention of the electro-magnet and its 
appendages a motion of vibration, a tooth of the escapement 
wheel, and no more than one tooth, will pass the anchor for each 
pulsation of the current. If the current be suspended the move- 
ment of the escapement wheel and the clock-work connected with 
it wiU be also suspended, and when the pulsation of the current 
recommences, the oscillations of the anchor, and consequently the 
motion of the escapement wheel, and the clock-work connected 
with it, will also recommence. 

152. If the pulsations of the current be regulated (as they may 
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be according to what has been already explained (129), by the 
pendulum of a clock at any station, the motion of the anchor of the 
escapement established at any other station to which the current is 
transmitted, will be synchronous with that of the pendulum of the . 
dock which governs the pulsations of the current, and thus a 
regular motion may be imparted by one dock to another, provided 
that between them there be established a conductor, and the pen- 
dulum of the one clock regulates the pulsations of the current, 
which govern the movement of the anchor of the escapement of 
the other. 

153. If the extremity of the lever, o^, fig. 58, carry a pencil, 
which presses upon paper, when the lever is drawn towards the 
electro-magnet, and if at the same time the paper is moved under 
the pencil with an uniform motion, a line wiU be traced upon the 
paper by the pencil, the length of which will be proportionate to 
that of the interval during which the lever o^ is held in contact 
with the stop t\ Now as the agent at s can regulate this interval 
at will, by controlling the flow of the electric current, making 
that current act for a short interval if he desire to make a short 
line upon the paper, for a long interval if he desire to make a 
long line, and for an instant if he desire to make merely a dot, it 
will be understood how he can at will mark a sheet of paper at s", 
500 miles distant, with any desired succession of lines of various 
lengths or of dots, and how he may combine these in any way he 
may find suitable to his purpose. 

We have here supposed the pencil attached to the end of the lever 
to be alternately pressed against the paper, and withdrawn &om it 
by the motion of the lever. If, however, the paper be so placed 
that the lever shall oscillate parallel to it, the pencil presented 
to the paper will remain permanently in contact with it, and will 
trace upon the paper a line alternately right and left, whose 
length will be equal to the play of the end g of the lever, to which 
the pencil is attached. If while this takes place the paper be 
moved under the pencil in a direction at right angles to the line 
of its play, the pencil will trace upon the paper a zigzag line, the 
form of which will depend on the relation between the motion of 
the paper and that of the pencil. When the current is in this 
case suspended, the paper being moved under the pencil at rest, 
a straight Hne will be traced upon it. 

Thus the paper will be marked either with a zigzag line, 
or a straight line according as the current is transmitted or 
suspended. 

K the current be alternately transmitted and suspended during 
intervals of unequal length, at the will of the agent, at s, the 
paper at s'' will be marked by a Une alternately zigzag and 
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straiglit, the lenglih of the zigzag and straight parts being yaried 
at the "will of the operator at s. 

How these subserve to telegraphic purposes will be presently 
more fully explained. 

154. In the same manner, if a toothed wheel, moved by the 
agent at s, produce a pulsation of the current by the passage of 
each successive tooth, these pulsations will produce simultaneous 
oscillations of the lever og, at the station s", and if these oscilla- 
tions act upon the anchor of an escapement wheel attached to 
clock-work at s", that wheel will be advanced in its revolution^ 
tooth for tooth, with the wheel at s, and if each of these wheels 
govern the motions of hands upon dial plates, like the hands of a 
clock, the hand of the dial at s" wiU have the same motion exactly 
as the hand on the dial at s, so that if at the commencement (^ 
the motion both hands point to the same figure or letter of the 
dial, they wiU continue, moving together, to point always to the 
same figures or letters. 

Thus if the operator at s desire to direct the hand on the dial at 
s", to the hour of 3 or 5, he will only have to turn the hand upon 
the dial, at his own station, to the one or the other of these hours. 

It will presently also be apparent how important this is in the 
art of electro-telegraphy. 

155. If the- lever op, fig. 58, be connected with the tongue of 
an alarum- beU, so that when op is put into vibration the bell will 
ring, and will continue to ring so long as the vibration is con- 
tinued, it is evident that the operator at s can, at will, ring a bell 
at s", by producing pulsations of the current in any of the ways 
already described. 

An operator at s'' may in like manner ring a bell at s. 

By this mutual power of ringing bells, each operator can call 
the attention of the other, when he is about to transmit a dis- 
patch, and the other by ringing in answer can signify that he is 
prepared to receive the dispatch, as already stated. 

156. If the lever op were in connection with the lock or other 
mechanism, by which the powder charging a cannon is fired, the 
operator at T could at will discharge a cannon at b, no matter 
what may be the distance of e from t, 

157. It will be observed that when a bell is rung, or any similar 
signal produced at the station s", by means of an electric current 
transmitted from a distant station, s, it is not directly the force of 
the current which acts upon the object by which the signal is 
made. The current is only indirectly engaged, producing the 
result by liberating the mechanism which makes the signal and 
leaving the force which moves it free to act. Thus in the most 
usual case of a bell, it is acted upon while it rings, not by the 
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Pig. 60. 



oturent, but by the force of a mainspring or desoending weigHt, 
transmitted to the hammer or tongue in the some manner exactly 
as that in which the force of a mainspring or weight of a clock is 
transmitted to the striking apparatus. The current does nothing 
more than disengage a catch by which the motion of the wheel- 
work acted on by the mainspring or weight, is arrested. The 
oatoh once disengaged, the action of the current on the beU ceases, 
and the ringing is continued by the action of the mainspring or 
weight, and it may in like manner be stopped by the current 
again throwing the catch between the teeth of one of the wheels. 

It will, therefore, be apparent that since the force which 
impels the bell is independent of the current, a bell of any desired 
magnitude may be acted upon by a hammer of any desired weight, 
without requiring any more force from the current than that 
which is sufficient to enable the electro-magnet to disengage the 
oatoh by which the mechanism of the bell is arrested. 

158. Although the bell mechanism used for telegraphs differs in 
nothing which is essential &om that of a common alarum clqpk, it 
may not be without interest to show one of the yarieties of 
mechanism in practical use. 

In fig. 60 is given a view of 
the bell mechanism, as used on 
the telegraphic line of the South- 
Eastern Eailway Company.* 

A is the electro-magnet. 

B its armature. 

sea lever attached at the 
upper end to the armature, and 
having at the lower end a catch, 
e, which when the armature is not 
attracted towards the magnet is 
pressed by a spring, /. 

d a wheel having a tooth in 
which the catch e is engaged by 
tlie pressure of the spring/, when 
the armature b is not attracted 
towards the magnet, but which is 
liberated &om the catch e, when 
the armature b is drawn towards 
the magnet. 

a a cylindrical box containing a strong mainspring, by which 
the train of wheelwork is kept in motion so long as the catch e is 
not engaged in the tooth of the wheel d. 




* Elect. Tel. Manip., p. 28. 
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The actual contact of the amiatnre b with the poles of the 
electro-magnet is prevented hy two small ivory knobs screwed into 
the surface which is presented to the magnet. The play of the 
armature B is so limited that the catch e shall be just disengaged 
&om the tooth of the wheel d^ when the ivory knobs come into 
contact with the poles of the magnet. 

When the wheel-work is liberated by the magnet withdrawing 
the catch e &om the wheel d, the mainspring in the cylindrical 
box a causes the toothed wheel attached to the box to revolVe. 
This wheel drives a pinion on the axle of the wheel h; the wheel 
5 drives a pinion on the axle of the wheel c ; the teeth of the 
wheel c are engaged with those of a pinion on the wheel d. 
The movement of the train is stopped, when the catch e falls 
under the tooth of the wheel d. The wheel i, which is engaged 
in the anchor of the escapement g, is fixed upon the axle of 
the wheel c, turns with the latter, and thus gives an oscil- 
lating motion to the anchor, which is imparted to the hammer h 
of the bell d. The beU is therefore acted upon by the hammer so 
long as the magnet A keeps the catch e from falling under the tooth, 
of the wheel d, 

159. Since the magnitude, loudness or pitch of the bell is 
independent of the force of the current, the telegraphic offices are 
provided with various bells for special purposes. 

Sometimes a special wire is appropriated to the bell which is 
acted upon by a special current. 

In other cases the regular current intended to work the tele- 
graph is diverted to the bell apparatus by the commutator. In 
other cases again, the object is accomplished by the expedient 
explained in (134), which is known as the short circuit. 



160. Having explained the form and construction of electro- 
magnets, we are prepared to show the manner in which an electric 
current may be produced by the mere action of magnets without 
any intervention of a voltaic battery. 

The electricity thus produced has been called magneto- 

ELECTEICrCT. 

161. Let a silk or cotton covered wire be coiled heliacally on a 
roller or bobbin having a hollow core of sufficient magnitude to 
allow a cylindrical bar to be passed into it. Let the covered wire 
be coiled constantly in the same direction, beginning from A b, 
(fig. 61), and terminating at c D. Let the extremities mn oi this 
wire be joined to those of a wire m o n of any required length, 
stretched to any required distance. Now let the north pole 
N of a magnet s ir be suddenly passed into the core of the 
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bobbin. An electric current jrill then be ti 
mo», thd presence of which may be Tendered manifegt by a 
galTanometer. This cnrrent, however, will be only momentary, 
being manifested only at tlie moment the pole ii the magnet 
enters tie core of Ke- ci. 

the bobbin. It ^ _ 

oeasea immedi- 
ately aftei tliat ^ 




How if the Ij 
magnetic bar 
after entering be 

as suddenly 

withdrawn, another current will b« 
produced upon the wire man, which 
will also be only momentary, but its 
direotioix on ihe wire will be con- 
trary to that produced by the en- 
trance of the magnetic polo. 

Thna if upoo the entrance of the 
pole N a coirent is produced, running 
in the direction m o «, the with- 
drawal of the pole N wiD produce a 
eoirent running &um n >». 

If the south pole a he passed into 
the core and withdrawn, momentary 
oorrents will in like manner be pro- 
dooed, but they will have contrary 
direotionB. 

If the wire mo terminated at o, 
no matter what may be the distance 
of o from m, were put at o in me- 
tallio oommunica&on with the earth, 
or with a plat« or other mass of 
metal buried in tbe earth, and if the 
ej:tremity n of the wire of the coil 
were put in metaUic eounection with 
the earth io the aame manner at ii, 
^16 tranemisBion oi the instantaneous 
onrrents would take place exactly in 
the lame manner as above described, 
hecaose in that case tike eartit would *) 

play the part of a conductor between the end of the wire m o at o, 
and the end of the coil wire n. 

Bat if ibe metallic continuity eitber of the wire m o n, in case it 
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extended from m to n, or of m o if it were as described aTx>ye in 
connection with the earth at o, were anywhere broken, no current 
would be produced by the entrance or withdrawal of the magnet. 
It is therefore essential to the production of these phenomena that 
the extremities m and n of the coil wire shall be in electric com- 
mimication with each other, by being united either with a 
continuous metallic connection, or by means of the ea^rth in the 
manner already described. 

The property- in -virtue of which soft iron acquires magnetic 
properties, when the poles of a permanent magnet are brought 
into proximity with it, supplies a yery convenient method of 
exhibiting the play of the phenomena of momentary currents above 
described. 

162. Let SON {Rg. 62), b»a powerful permanent horse-shoe 
magnet, having its poles s, N, presented to and in close prozimily 

with a similar horse-shoe a 5 of soft iroUy 
^' wrapped with convolutions of oovered wire 

in the manner already described. Let the 
extremities m and n of the coil be sup- 
posed to be placed in connection with two 
wires, which may be extended to any dis- 
tances, and whose extremities are in me- 
^' Eiitll lii 1" taUio conmiunioation with the earth in the 

manner already explained. 

When the poles s and n axe brought into 
proximity with the ends a and b of the 
horse-shoe a 5, the latter will, by the 
inductive action of the magnet son, ac- 
quire magnetic polarity, the end o, near the south pole s, having 
northern, and the end 6, near the north pole N, having southern 
polarity. This magnetic polarity, however, oi a b will only con- 
tinue so long as the poles s and N of the permanent magnet are 
kept near to a and b. If they be removed, that instant the 
polarity of a 6 will cease. If the poles be reversed, N being pre- 
sented to a, and s to 5, then a will acquire south, and b north 
polarity. 

It appears, therefore, that by presenting the poles of the magnet 
N s to the horse-shoe the same effect is produced as if the poles 
of a magnet wore suddenly passed into the axis of the coil, and by 
withdrawing the poles N and s from a and 5, the same effect is 
produced on the coil as if the poles of the magnet which had been 
passed along the axis were suddenly withdrawn. 
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163. The momentary currents in the one direction or in the 
other will, therefore, be produced upon the wire connected with 
the extremities of the coil, such as have already been described, 
each time the poles, n and s, are presented to and withdrawn 
from the ends, a and 5, of the horse-shoe of soft iron. If the 
magnety N o s, were mounted so as to revolve upon an axis passing 
through the centre of its bend, and therefore midway between its 
legs, its pdles might be made to pass the ends of the horse-shoe, 
the latter being stationary. During each revolution of the 
magnet, N o s, the polarity imparted to the horse-shoe would be 
reversed. 

When the pole w approaches 5, and consequently s approaches a, 
south polarity will be imparted to 5, and north polarity to a ; 
and when ix- passes a, and consequently s passes 6, south polarity 
will be imparted to o, and north polarity to b. 

The momentary currents produced by these changes of mag- 
netism in a and h will be easily understood by what has been 
explained. When n approaches 6, and s approaches a, the com- 
mencement of south polarity in 5, and north polarity in a, will 
both impart to the wire a current in the same direction, because 
the coils of the spiral as presented to s will be the reverse of 
those presented to N. When N departs from 5, and s from o, the 
cessation of south polarity in 6, and of north polarity in «, will 
impart currents in the same direction to the wire, but this 
direction will be opposite to that of the former currents. 

When N approaches o, and consequently s approaches 6, cur- 
rents will be imparted to the wire whose direction will be the 
same as that of those produced by the departure of N from 6, and 
of s from a. When N departs from «, and s from 5, currents will 
be produced in the same direction as when if approaches b and s 
approaches a. 

If the direction of the currents produced when N approaches 
6, and s approaches a, be indicated by an arrow directed to the 
right, and that of those produced when N departs from 6, and s 
from a, by an arrow directed to the left, the changes of direc- 
tion which take place in each revolution of the magnet n o c, 
will be such as are indicated in ^g. 63, where b and a 
represent the ends of the horse-shoe, b a; nf the position of the 
pole in approaching, and N' in departing from 5, and w" its 
position in approaching, and N'" in departing from a. The 
arrows directed to the right express the direction of the two 
2 
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currents which are produced upon the conducting -wire, while N 
makes the half revolution N'" m' n ; and the arrows directed to 

Fig. 63. 
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left express the direction of the two currents produced, whib N 
maJkes the half revolution N^ m n''. 

Thus it appears that in each revolution of the magnet, N o s, 
four momentary currents are produced in the wire, two in one 
direction during one semi-revolution, and two in the contrary 
direction during the other semi-revolution. In the intervals 
l)etween these momentary currents there is a suspension of voltaic 
action. 

164. It has been already shown how electric currents may be 
instantaneously suspended, re-established, and reversed in their 
direction by means of coanmutators (111). By such an expedient 
properly adapted, it is easy to understand that by suspending the 
currents in one of the two contr^ directions, while the other is 
allowed to pass, an intermitting current always running in the 
same, direction may be obtained. Or if the commutator be so 
adapted that while the momentary currents in one .direction are 
allowed to run without interruption, those in the other direction 
shall be reversed, we shall then have in each revolution four 
xnomentajry currents flowing in a common direction. The current 
thus produced will be intermitting, that is, it will pass upon the 
wire by a succession of pulsations or intervals of transmission and 
suspension, but since in each revolution of the magnet there are 
two jpulsations, — ^that is, two intervals of transmission and two of 
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suspension, — and since the rotation of the magnet may be made 
with any desired rapidity, it follows that the pulsations will 
succeed each other with such celerity, and the intervals of 
suspension will be so brief that for all practical purposes the 
current will be continuous. 

165. Such are the principles on which is founded the construction 
of magneto-electric machines, one form of which is represented in 
fig. 64 (page 1). The purpose of this apparatus is to produce by 
magnetic induction an intermitting current constantly in the same 
direction, and to contrive means by which the intervals of inter- 
mission shall succeed each other so rapidly that the current shall 
have practically dll the effects of a current absolutely continuous. 

A powerful compound horse-shoe magnet, a, is firmly attached 
by bolts and screws upon a horizontal bed, beyond the edge of 
which its poles a and h extend. Under these is fixed an electro- 
magnet X Y, with its legs vertical, and mounted so as to revolve 
upon a vertical axis. The covered wire is coiled in great 
quantity on the legs x t, the direction of the coils being reversed 
in passing from one leg to the other. 

The two extremities of the wire proceeding from the legs x and 
T are pressed by springs against the surfaces of two rollers, c and 
d, fixed upon the axis of the electro-magnet. These rollers them- 
selves are in metallic connection with a pair of handles p and N, 
to which the current evolved in the wire of the eleotro-magnet 
X T will thus be conducted. 

If the electro -magnet x t be now put in rotation by the handle 
m, the handles f and N being connected by any continuous con- 
ductor, a system of intermitting and alternately contrary currents 
will be produced in the wire and in the conductor by which the 
handles P and N are connected. But if the rollers c and d are 
so contrived that the contact of the ends of the wire with them 
shall be only maintained during a semi-revolution in which the 
intermitting currents have a common direction, or so that the 
direction during the other semi-revolution shall be reversed, then 
the current transmitted through the conductor connecting the 
handles P and N will be intermitting, but not contrary ; and by 
increasing the velocity of rotation of the electro -magnet x T, the 
intervals of intermission may be made to succeed each other with 
indefinite celerity, and the current will thus acquire all the 
character of a continuous current. 

The forms of commutators by which the rollers c and d are 
made to break the contact, and re-establish it with the neoessaiy 
regularity and certainty, or to reverse it during the alternate 
semi-revolutions are various. 

166. All the usual effects of voltaic currents mpy be produced 
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with this apparatus. If the handles p and if be held in the 
hands, the arms and body become the conductor through which 
the current passes from p to w. If x y be made to revolve, shocks 
are felt, which become insupportable when the current has a 
certain intensity. 

If it be desired to give local shocks to certain parts of the 
body, the hands of the operator, protected by non-conducting 
gloves, direct the knobs at the ends of the handles to the parts 
of the body between which it is desired to produce the voltaic 
shock. 

167. For telegraphic purposes it will be sufficient to place the 
line wire in connection with one of the handles p or N, while the 
other handle is in connection with the earth. A current will then 
be transmitted on the line wire which will be intermitting, but 
which may be rendered continuous by a combination of magneto- 
electric machines. 

168. It remains, in fine, to show how the chemical properties 
of the electric current can be made to supply the means of trans- 
mitting signals between two distant stations. 

When a current of adequate intensity is made to pass through 
certain chemical compounds it is found that these are decomposed, 
one of their constituents being carried away in the direction of 
the current, and the other in the contrary direction. 

169. One of the most striking examples of the application of 
this principle is presented in the case of water, which, as is 
well known, is a compound of the gases called oxygen and 
iiydrogen. 

Let us suppose that a series of cups, oA, fig. 65, containing water are 
placed so that an electric current shall pass successively through 
them, commencing at the wire p and passing at o into the first 

Fig. 65. 
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cup ; thence through the water to A, and from h along the wire i 
to o in the second cup ; thence in like manner through the water 
to A, and then along the wire i', and so on to N, the wire p being 
supposed to be connected with the positive pole of a battery, and 
the wire N with its negative pole. The current will therefore 
flow fr(»n P to N passing through the water in each of the cups. 
Under such circumstances the water will be gradually decomposed 
in each of the cups the particles of oxygen moving against the 
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course of the current, and those of hydrogen moving with it, the 
former are evolved at the points o, and the hitter at the points h, 

170. To show how this property of the current may he made to 
produce visible marks or signs, let us suppose a sheet of paper 
wetted with an acidulated solution of ferro-prussiate of potash 
to be laid * upon a plate of metal, and let the point of a metallic 
stylo be applied to it so as to press it gently against the metallic 
plate without piercing it. Let the style be now put in metallic 
connection with the wire which leads to the positive pole of a 
voltaic battery, and let the metallic plate upon which the paper is 
laid be put in connection with the wire which leads to the 
negative pole. The current will, therefore, flow from the style 
through the moistened paper to the metallic plate, and it will 
decompose the prussiate, one of the constituents of which deposited 
on the paper will mark it with a bluish spot. 

If the paper be moved under the style while the current flows, 
this decomposition being continued under the point of the style a 
bluish line will be traced upon the paper. 

If while the paper is thus moved uniformly under the style, 
the current is permitted to flow only during intervals long 
or short, the paper will be marked by lines long or short, 
according to the intervals during which the current flows ; and, 
since no decomposition takes place during the suspension of the 
current, the paper then passes under the style without receiving 
any mark. If the current be permitted to flow only for an 
instant, the paper will be marked by a dot. The long or short 
lines and dots, thus traced upon the paper, ^vill be separated one 
from another by spaces more or less T\dde according to the lengths 
of the intervals of suspension of the current. 

It is evident that the same effects will be produced, whether 
the style be at rest and the paper moved under it as is here sup- 
posed, or the paper be at rest and the style moved over it. 

171. The paper may be moved under the style by various and 
obvious mechanical expedients. Thus it maybe coiled upon a 
cylinder or roller, which being kept in constant and uniform 
revolution by clock-work or other means, the paper would be 
carried continually under the style, and unrolled from the cylinder 
after receiving the marks. Or the cylinder covered with paper 
might, while it revolves, receive a slow motion in the direc- 
tion of its axis, so that the course of the style upon it would 
be that of the thread of a screw or helix. The paper might be 
cut into the form of a large circular disc, and laid upon a metallic 
disc of equal magnitude, to which a motion of revolution round 
its centre in its own plane might be imparted by clock-work ; 
while the style might receive a slow motion directed from the 
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centre of the disc towards its edge. In tMs ease the style would 
trace a spiral curve upon the paper, winding round it eontinuallyf 
and at the same time retiring constantly hut slowly from its 
centre towards its edge. 

172. Whichever method might he adopted, the paper would he 
marked with a continuous succession of comhinations of lines of 
varying lengths and dots, separated hy spaces more or less wide. 
These marks depending altogether on the succession of intervals 
of suspension and transmission of the current, which intervals can 
he varied and comhined at will hy an operator supplied with the 
means of controlling the current which have heen already ex- 
plained, it will he easily conceived that an agent at s can trace 
upon paper placed at s" in the manner here descrihed such a 
succession of characters composed of lines and dots as he may 
desire ; and that an operator at s", hcing supplied with a key, 
may interpret these characters, and thus translate the communi- 
cation into ordinary language. 

It is also easy to conceive that the agent at s can stop'the clock- 
work which moves the paper at s" or set it going at will, in the 
«ame manner as he can ring a hell or discharge a cannon. 

173. It has heen already explained that the intensity of the 
current transmitted hy a given voltaic hattery along a wire of 
.^ven thickness must decrease in the same proportion as the 
wire increases in length. This loss of intensity due to the 
length of the wire is increased in the practical operation of the 
telegraphs hy the loss of electricity arising from imperfect insu- 
lation and other inevitahle causes. It has therefore hecome a 
matter of great practical importance to discover expedients hy 
which the intensity of the current may he re-estahlished, or hy 
which the apparatus may he worked hy a very feehle current. 

It was ohvious that the intensity might he maintained at the 
necessary degree of force hy providing, as already stated, relay 
•batteries at intermediate stations sufliciently near each other to 
prevent the current from being unduly enfeebled. But the main- 
i;enance of such numerous batteries in cases where great distances 
must be traversed is expensive, and it was desirable to discover 
.«ome more economical expedient. 

174. The properties of the electro-magnet have supplied the 
means of accomplishing this. 

The lever g h (fig. 58) may be constructed so light and so free, 
liiat it will be capable of being moved by a current of extremely 
feeble intensity. But if this lever were charged with any <^ the 
functions by which it would become an instrument for ^ving 
:8ignals, such as the ringing of a bell or the motion of a style or 
pencil, it would be necessary to impart to the electro-magnet and 
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its other appendages mucli greater power. So long, however, as 
no more is required than to make it oscillate between the stops 
t and ff it may be oonstructed and mounted so as to be moved by 
the most feeble degree of magnetism imparted to m ni! by a 
current of extremely low intensity. 

Now let us suppose the axis o of the lever </ A to be in me- 
tallic connection with a voltaic battery placed near to it at the 
station s', and let the stop ^ be in connection with the conducting 
wire which extends to another more distant station s''. When 
the end g of the lever is brought into contact with the stop f , the 
current produced by the battery at s' will flow along the con- 
ducting wire to s" ; and when the lever deserts the stop Vy and 
is thrown upon f, the contact being broken, the current is 
suspended. 

Now it is evident that by this means the original current 
flowing from the battery at the station s to the station s' is the 
meaas of calling into action another current, which flows from the 
relay battery at the station s' along the conducting wire to the 
station 8", and that the intensity of this current will not be affected 
in any way by that of the original current from s to s', but will 
depend solely on the power of the relay battery at s', and the 
length of the conducting wire from s' to s". 

In the same manner another relay battery may be provided at 
s", and so on. 

In this succession of independent currents, those only which 
have signals to work need to have a greater intensity than that 
which is sufficient to give motion to a light lever, such as we 
have described above. 

It will be evident also by what has been stated that the pulsa- 
tions given to the original current at s, and the succession of 
intervals of transmission and suspension will be reproduced with 
the most absolute precision in all the succeeding currents, so that 
all signals which depend on these intervals of transmission and 
suspension will be made at the flnal station as promptly and 
exactly as if the original current from s to s' had been continued 
throughout the entire line of communication with all the neces- 
sary intensity. 



175. The lines of electric telegraph which have been constructed 
and brought into operation in different parts of the world, liko 
the lines of railway, have been established in some by private 
companies, and in others by the state. In the United Kingdom 
and its dependencies and in the United States they have been in 
all cases established by the enterprise and capital of joint-stock 
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companies chartered or incorporated by the legislature, subject to 
certain conditions. On the continent of Europe generally they 
have been constructed and are exclusively worked by the state, 
but are placed under specified conditions and subject to regulated 
tariffs at the service of the public. 

176. The forms of telegraphic instruments to which a preference 
has been given, in different countries are very various. In the 
United Kingdom and the United States, the several joint-stock 
companies by whom telegraphic lines have been constructed, have 
been generally formed by the friends and partisans iof the inventors 
of particular telegraphic instruments, of which the companies 
have become severally the patentees. To these instruments they • 
naturally have given a preference, in some cases irrespective of 
their merits, and as a necessary consequence every such company 
is more or less opposed, as well by interest as by prejudice, 
to other inventions and improvements. It has been a matter 
of complaint that such companies have sometimes become the 
purchasers of patented inventions for no other purpose than that of 
their suppression; and it is easily conceivable that a company 
having an extensive establishment in profitable operation may 
find it more advantageous to maintain their existing apparatus 
than to put them aside for others even of very superior efficiency. 
This is, after all, no more than what has occurred in the progress 
of all great inventions and improvements. 

177. National feeling has, however, also had a considerable 
influence on the selection of the forms of telegraph adopted in 
different countries. Thus we find the telegraphs adopted in 
England exclusively English inventions ; those generally adopted 
in France, French inventions ; and those adopted in the United 
States, generally American inventions. 

178. Amidst those conflicting motives directing the choice of 
companies and of governments, several inventions of great merit 
have necessarily been either wholly neglected, or bought up and 
wilfiilly suppressed, or in fine, brought into operation on a very 
limited scale. 

The vast resources supplied by the discoveries by which physical 
science has been enriched since the beginning of the present 
century, and the fertility of genius directed to the application of 
these resources in all countries, has produced a swarm of inven- 
tions, even the least efficient of which possess great merits on the 
score of ingenuity and address in the application of physical 
principles. Our limits, the purposes to which this series is 
directed, and the large and various classes to which it is 
addressed, compel us to pass without notice many forms of 
telegraph which have been contrived and constructed, "We shall 
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therefore confine our observations to those apparatus wbicli have 
been actually employed on the telegraphic lines established in 
different countries, and a very few others which appear to daim 
more especial attention. 

On the claims of various projectors on the score of original 
invention, we must generally decline to enter. To discuss such 
questions so fully as to render justice to the claimants would 
require much more space than we can devote to the subject ; and 
however interesting such a discussion might be to the inventors 
themselves and their partisans, it would offer but few attractions 
to the masses to whom our ** Museum" is addressed. 

We shall therefore first explain briefly the forms of telegraph 
generally applied in this country, and next those which are in 
operation elsewhere. 

179. The telegraphic instruments used almost exclusively in 
this country are galvanometers (138), which make their signals 
by means of the deflections of magnetic needles, produced by the 
electric current. 

Those instruments are of 'two forms, the first, and most simple, 
consisting of one needle with its appendages and accessories, and 
the other of two independent needles, each accompanied by its 
own appendages. 

THE SINGLE NEEDLE IXSTKUirENT. 

180. This instrument consists of a galvanometer and a commu- 
tator, mounted in a case resembling in form and size that of an 
ordinary table time-piece. 

A front view of it is given in fig. 66 (vol. iii. p. 161). On the 
upper part is a dial, in the centre of which the indicating needle 
appears, like the hand of a clock, fixed upon an axis. Its play 
to the right and left is limited by two ivory studs inserted in the 
face of the dial, a short distance on each side of its upper arm. 

The handle which works the commutator, also fixed upon an 
axis, is presented at the lower part of the case, under the dial. 

Upon the dial are engraved the letters of the alphabet, the ten 
numerals, and one or two arbitrary symbols, under each of which 
is engraved a mark, indicating the motions of the needle, by 
which the letter or figure is expressed. 

The galvanometer, constructed as already explained (140), is 
attached to the back of the dial, the axis of its magnetic needle 
passing through the dial and carrying the indicating needle in 
front. 

The latter is also usually magnetic, its poles being reversed in 
their direction with relation to those of the interior needle, the 
10 
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effect of whicli is, that the current transmitted through the gal- 
vanometer has a tendency to deflect both needles in the same 
direction. The indicating needle, however, need not be magnetic. 
If it be sufficiently light, being free from magnetism, it will be 
carried by the axis to the right or left against the studs, 
by the deflections of the galvanometric needle which plays 
within the. coils of the galvanometer, -to :^ which it is always 
parallel. 

In connection with the instrument there are, as usual, an alarum 
and a galvanic battery. 

By the commutator, the current produced by the' battery may 
be transmitted upon the line- wire, or suspended or reversed in its 
direction, according to the position given to the handle. If the 
handle be vertical, as represented in the figure, the current is sus- 
pended, the arrangement of the commutator being then such as to 
cut off all communication between the battery and the line-wire. 
If the upper arm of the handle be turned to tlie right, the battery 
will be connected with the line-wire, on which accordingly the 
current will be transmitted. If the upper arm be turned to the 
left, the battery will still be connected with the line-wire, but 
"with its poles reversed, so that the direction of the current on the 
line- wire will be reversed. 

The mechanical form of the commutator, by which these changes 
of connection are made is different from, that explained in (111), 
but the principle is the same, and the variation of the details are 
unimportant. 

To comprehend the practical operation of the instrument, we 
are to consider that similar instruments, with similar accessories, 
are placed at each of the stations, between which dispatches arc 
to be transmitted. To render the explanation more clear, let s 
and 8', &g, 67, be the two stations, o and o' the dials, c and c' 
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the handles of the commutators, and b and B' the galvanic 
batteries. If it be intended to send a dispatch from s' to s, the 
arm of the commutator, c, is left in its vertical position, so that 
no current can pass from the battery, b, to the line-wire, l. 
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When the arm of c' is Tertical, no current can pass from b' to L, 
and consequently the needle of o will remain in the vertical 
direction, without deflection. If the upper arm of c' be turned to 
the right, r, the current from b', passing along L, will flow through 
the coil of the galvanometer at s, and will deflect the indicating 
needle to the right, so that it will lean upon the right hand stud, B. 
If c' bo then turned back to the vertical direction, the current 
will be suspended, and the needle at s will return to the point o. 
If the upper arm of (/ be then turned to the left, /, the current 
will be again transmitted upon the line-wire, L, but in a direction 
contrary to its former course, and thus passing through the gal- 
vanometer at s, in a contrary direction, the needle, which was 
before deflected to the right hand stud, B, will now be deflected to 
the left hand stud, L. 

Thus, it appears, that according as the upper arm of (/ is turned 
to the right or left, or placed in the vertical position, the needle 
on the dial at s, is also turned to the right or left, or placed in 
the vertical position. 

In a word, whatever position is given to the handle of the com- 
mutator at s', a corresponding position is assumed by the indicat- 
ing needle at s, and these changes of position of Ihe indicating 
needle at s, arc absolutely simultaneous with the changes of 
position of the handle of the commutator at s'. 

The manner of expressing the letters and figures, is by making 
repeated deflections of the needle right and left, making a short 
pause at the end of each letter signal. Thus two deflections to 
the left express a ; three, b ; four, c ; while one expresses the 
completion of a word. One to the right expresses m ; two, N ; 
three, o ; and four, p. In the same manner, l is expressed by 
four deflections, which are, successively, right, left, right, and left. 

As these signs are purely arbitrary, and may be changed in 
every independent telegraph, it is not necessary here to notice 
them further. 

Besides the signals which express letters and figures, it is usual 
to adopt others to express words or phrases of very frequent 
occurrence, such as, I donH understand, I understand, wait, go 
on, repeat, &c. 

It is usual, though not necessary, for the agent who sends a 
dispatch, to pass the current through his own instrument, so that 
his indicating needle shows exactly the same deflections as the 
indicating needle of the station he addresses. Thus, when s' 
addresses s, his own indicating needle, o', speaks as well as the 
indicator, o, of the station, s. 

All that has been stated in (111) e^ seq, of the transmission of 
the same despatch through a series of stations, of cuttiag off the 
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transmission from all stations except tliat to wliicli it is exclusively 
addressed, of the use of the alarum, &c., is applicable, without any 
important modification to this form of telegraphic instrument. 



THE DOUBLE NEEDLE TELEGKAPH. 

181. This is nothing more than two single needle telegraphs, 
such as has been just explained, mounted in the same case, their 
indicating needles playing side by side upon the same dial, and 
the handles of their commutators placed so that they can be con- 
veniently worked at the same time, by the right and left hafid of 
the telegraphic agent. Each instrument is altogether inde- 
pendent of the other, having separate accessories, and transmit- 
ting its current upon a separate line- wire. 

The purpose of this form of instrument is merely to accelerate 
the transmission of dispatches, by enabling the agent to produce 
the signals expressing letters and figures in more rapid succes- 
sion. In the single instrument there are only two signs made by 
one deflection of the needles, viz., a deflection to the right and one 
to the left. In the double instrument there are eiglit such signs, 
\dz., two with each needle, as in the single instrument, and four 
obtained by combining the deflections of the two needles. Thus, 
if express the position of the needle without deflection, r, a 
right hand, and I a left hand deflection, and it the right hand, 
and L the left hand needle, the following eight signals may be 
made in the time of a single motion of either needle. 
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"With a single needle two deflections can only make four signals, 
viz., rr^ 11, rl, Ir, But with two needles, these being combined 
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with single defleotioiis and with each other, a greater number of 
different signals can be obtained than are sufficient to express the 
letters and numerals, each being made in the time necessary for 
two deflections of a single needle. 

A front view of a double needle telegraph is given in ^g. 68 
(vol. iii. p. 177). 

The small case at the top contains the alarum, and the small 
handle at the side of the large case is the commutator by which the 
current is turned on and off the alarum. The two large handles 
which appear in front are those of the commutators, which produce 
the changes of direction of the current, and when inclined to the 
right or left the needles acted on by the current assume a like 
position. 

FEENCH STATE TELEGRAPH. 

182. "When the establishment of lines of electric telegraphs 
was proposed in France, the old aerial telegraph was, and had been 
for more than half a century, in operation, and formed a depart- 
ment in the public administration of considerable importance, 
employing an extensive body of agents, dispersed throughout the 
country, most of whom were specially instructed and qualiiied for 
the business. 

The commission appointed by the government required that the 
electro-telegraphic instruments should exhibit the same signals as 
had been already used in the case of the former telegraph. 

The old telegraph consisted of a long straight bar, B B', fig. 69, 
called a regulator, to the extremities of which two shorter bars, 
r r', called indicators, were attached by pins or pivots, so that 
each indicator was capable of turning on its pivot, so as to make 
any desired angle with the regulator. 
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Fig. 69. 
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If we suppose the circle described by each indicator to be divided 
into eight equal arcs of 45°, and that any convenient mechanism 
is provided, by which the agent who conveys the signals can at 
will give to each indicator any of these eight positions, each indi- 
cator would be capable of making eight signals, and by combining 
these in pairs, Qie two indicators worked together would be 
capable of giving sixty-four signals. 

It is evident that even this large number of signals might be 
14 
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further multiplied, by giving to the regulator itself a. motion 
loond its centre, so tbat it might at will assume the horizontal or 
vertical position, or might take an intermediate direction. 

!n transferring tliis system of signals to the electric telegraph, 
the regulator b supposed to be placed permaneuUf horizontal, 
and the two indicators to be capable of receiving any of the eight 
positions here explained. 

183. The telegraph contrived by M. Bregnet, to exhibit sucb a 
system of signals, consists, like the doable needle telegraph, of 
two distinct and perfectly similar inatniments, one for each of the 
indicators. They are mounted side by side witb their accessories 
in the same case, at a distance apart sufficient to allow the indi- 
cators to revolve witbont mutual obstruotioa, and sufBciently near 
each other to allow the same person to work both at the same 
time with his right and left hand. 

Each instrument consists of an indicating apparatus and a oom- 
mutator. 

If s and s' be two stations, between which dispatches are trajis- 
mitted, the oonunatator at s moves the indicator at ^, and the 
comu^utator at s' moves the indicator at s. 

A view of the indicating apparatus is given in fig. 70. The 
two indicators are fixed upon axes placed in the same horizontal 




line npon the dial. These axes, passing, through the dial, carry 
behind it two escapement wheels, which are controlled by two 
anchors, as described in 151. These anchors ore moved by the 
armatorea of two electro- magnets, iiom which they receive vibra- 
tions, like those of a pendulum. The escapement wheels are 
impelled by the force of two main-springs, transmitted to them by 
two similar trains of clock-work. 

15 
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Thus, for each swing of the anchor, the indicator makes one 
motion forward, and as the escapement wheels have each only- 
four teeth at equal distances, one complete revolution of these 
wheels must cause the indicators to make a complete revolution by 
eight distinct motions, produced by the four swings of the anchor 
to the right, and the four swings to the left. 

During a revolution of each of the escapement wheels, therefore, 
each of the indicators takes successively the eight positions 
required in the proposed system of signals, and since the motions 
of the indicators are governed by the anchors, those of the 
anchors by the armatures of the electro-magnets (154), and those 
of the electro-magnets by the successive pulsations of the electric 
eurrent, it follows that if it can be contrived that commutators at 
one of the stations shall govern the pulsations of the current at 
the other, they will necessarily govern the motion of the indicators 
at that other station. 

At the upper comers, right and left of the front of the case, are 
two dials, in the centre of which are axes, which act, when turned, 
upon the springs which draw back the armatures of the two 
electro-magnets, and near them keys for their adjustment ajre sus- 
pended by chains. The springs are raised or relaxed, according 
as the keys are turned in the one direction or the other. 

Under the indicating arms are two axes mth square ends, by 
which the two systems of clock-work can be wound up, which is 
- done by the same keys. 
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1S4. It remaina, therefore, to ehovi the nuLOiLer in. which the 
pitlBstioiiB of the onrrent are goveiiLed hj the oommutEttor. 
One of the conunntatorB its represented in fig. 71. 
The handle u 13 fixed upon an oiis which tortui in Uie oentie of 
a. fixed diso s, the edge of which ia divided into ^ht eqnal parts 
hy small notches. A short pin 
projeots from the handle which 
foils miooessiTely into tbese 
notches, hnt which can be witii- 
drawn from them when it is re- 
quired to turn it. On the remote 
end of tihis axis a disc ia fixed, 
vrhioh tumswith.it, in the fiioe of 
which a square groove is cut, 
lonnded at the oomera, in which 
a pin projecting from a short 
lever I is moved. This lever / is 
fixed on the axis C C, npon the 
other end of which is fixed the 
lever r, the lower end of which 
carries a small piece of metal r, 
which, when the lever vibratea 
right and left, ia thrown alt«r- 
ni^lj against the contact-pieces 

Supposing that the commutator 
is placed at the station s, the 
line-wire which comes from tlie 
station ^ enters the foot, and is 
!W A. This wire is in metallio con- 
nection, through the pillar, with tbe lever l, and consequently 
with the piece of metal at its lower end, which oscillates between 
tl)e contact-pieces E and x'. This piece of metal, r, may therefore 
be considered as virtually the extremity of the conducting wire 
between the stations e and a*. 

Attached in like manner, 't^ ti^tening-screws, to the two 

contact-pieces x and x' are two wires, one of which is connected 

with the battery, and the otber with one end of the coil-wire of 

the eleetiO'magDet, in the indicating inHtitunent of the station b. 

la 




held there by a tightening sc 
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The other end of this coil-wire is either connected with tilie line- 
wire which proceeds to the succeeding station, or with the earth, 
at the option of the agent, a commutator being provided by Tidiich 
this chajige of direction may be made. 

185. Let us see, then, in what manner the agent at s, provided 
with such a commutator, can govern the motion of an indicator at s'. 

The arrangement of the apparatus is such, that when the handle 
M of the commutator is presented vertically upwards, as represented 
in the figure, the pin being in the highest notch, the lev^ L 
presses against the contact-piece K. 

Let the highest notch be supposed to be numbered 1, and the 
others proceeding round the disc, in the direction of the motion of 
the hand of a clock, be numbered successively 2, 3, 4, 5, 6, 7, and S. 

It must be remembered, that at the other station, s', there is 
another commutator precisely similar, the corresponding points of 
which we shall express by the letters M*, i/, b', ^c. 

Let us see, then, how the agent at s, by moving round tiie 
handle h from notch to notch, can govern the motion of the indi- 
cator at s'. 

The commutator and indicator at the station s', when not 
employed in the transmission of a despatch, are placed respectively 
with tiie arm m', having its pin in the notch 1', and the hand of 
the indicator directed vertically upwards. 

186. The arm M being, as represented in the figure, in the 
notch 1, let it be moved to the notch 2. The lever L being moved 

•to the right, the piece r will be thrown upon k'. Being tiien in 
connection with, the battery- wire, the current will pass by r and 
i« to A, and thence by the Ime-wire to the corresponding point a! 
of the commutator at the station s', and thence through the pillar 
to the lever i/ and the piece r*. But since, as has been just 
explained, m' is in the notch 1', the piece r' must rest against K. 
The current, therefore, arriving at this point, will pass from K by 
the wire to the coil of the electro-magnet at s', to which it will 
impart magnetism, so that it will attract the armature, and move 
the anchor of the escapement, so as to make the indicator move 
from the vertical position 45° in tiie direction of the hand of a 
<jlock. 

If the handle H be now moved from notch 2 to notch 3, the lever 
L will be thrown back to K, and the contact with K' being broken, 
the current will be suspended, and the electro-magnet at s' losing 
its power, the armature will recoil from it by the action of the 
spring (147) and the anchor of the escapement being again 
moved, the indicator will be advanced through another angle of 
45*^, and will be then in the horizontal position pointing to the 
right. 

o2 "V^ 
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In like maimer, it may be shown that when the arm m is moved 
from the notch 3 to the notch 4, the indicator at s' will be moved 
from the Horizontal position to one which will make an angle of 
135*, with its original direction, or what is the same, 45*, with the 
position^in which it would point directly downwards. 

Without pursuing this explanation further, it will be easy to 
see that the successive positions assumed by the hand of the 
indicator at s' correspond with those given to the arm m of the 
commutator at s. 

We have here explained the action of one commutator at s upon 
one indicia-tor at s'. The action of the other commutator at s upon 
the other indicator at s' is precisely the same. It must be under- 
stood, that the two commutators at s are connected with separate 
and independent line-wires, are supplied with separate and inde- 
pendent batteries, and act upon separate and independent indicators 
at s^ The right-hand commutator at s is connected with the 
right-hand indicator at sVand the left-hand commutator with the 
left-hand indicator. 

From what has been explained, the process necessary, as well 
for receiving as for transmitting a despatch wiU be understood. 
In the reception of a despatch, the agent has only to place the 
handle of his commutator in notch 1, and to see that his indicator 
is vertical. After that he has only to observe the successive 
attitudes assumed by the two indicators upon the dial before him, 
and to vmte down the letters they successively express. 

Since this form of telegraph gives 64 signs, while 26 are suffi-' 
cient for the alphabet, and 10 for the numerals, there are 24 signs 
disposable for abridgements, such as syllables, words, and phrases 
of most frequent occurrence. 

187. The battery employed in working these telegraphs is at 
present invariably that of Daniel (32). Formerly Bunsen's battery 
(34) was used at chief stations, where great power is often required, 
but this has now been discontinued. 

Between the point K' and the battery a commutator is placed, by 
>ieans of which the agent ' can bring into action a greater or less 
number of the pairs composing the battery, so as to proportion the 
power to the distance to which the ctirrent is to be transmitted, or 
to the resiistaiice it may have to overcome. 

A perspective view of the telegraphic instrument, showing the 
two in^dicators and two commutators, in their respective positions, 
is given in fig. 72 (vol. iii. p. 193). 

: ■ *■'••• 

'. PEENCH BAILWAT TELSaBAPH. 

188. The telegraphs which convey letters or words by oonven- 
tianal signah, like those described obove, Tec\aire a staff of agents 

20^ 



FRENCH RAILWAY TELEGRAPH. 

engaged in their management, who have been specially instructed 
and practised, as well in working the instruments as in interpreting 
their signs. That this is deemed. a niatter of great practical 
importance in telegraphic economy is manifested by the fact 
already mentioned, that the French government, before it resolved 
to establish the electric telegraph, caused instruments, on the new 
principle, to be constructed, by which the same system of symbols 
could be used as that which had been previously adopted in the 
semaphore. 

Nevertheless, in cases like that of a system of telegraphs in 
which not only the business of the state, but that of the public, is 
to be transacted, and where, therefore, a permanent staff is 
employed exclusively in the management . of the, apparatus, no 
very serious difficulty can be encountered, even if the necessity of 
having a new telegraphic vocabulary is imposed upon these agents. 

For a short time the service will be slow, and less satisfactory, 
but the inconvenience is temporary, and constant practice in the 
manipulation of the apparatus, and in the interpretation of the 
signs, whatever they may be, renders the agents sufficiently 
expert. 

The case is different with telegraphs used, not for state or com- 
mercial purposes, but exclusively for railway business. The 
telegraphs even of principal railway stations, and still less those 
of secondary stations, are not in tiiat constant requisition, and 
consequently do not occupy a permanent and exclusive class of 
agents. They are managed by any persons who happen to be 
employed in the respective offices : by ike station-masters, clerks, 
railway police, guards, or, in short, by any railway agent who 
may happen to be at hand. Now it is evident that telegraphic 
instruments, the use of which would require special instructions, 
and much previous practice, would not answer such a purpose. 

These considerations have prevailed, with the administrations 
of the lines of railway in all parts of the continent, and have led 
them to adopt telegraphic instruments which satisfy the conditions 
explained above, more completely than d6 the apparatus which 
have been adopted for state and public communications. 

In general the railway telegraphs are of the class called " letter 
or alphabetic telegraphs." The agent who transmits a message is 
supplied with a hand which moves upon a dial, round which the 
letters of the alphabet are engraved, as are the hours round the 
dial of a clock. At the station to which the message is sent, there 
is a similar dial, havinguponit a similar hand, and the mechanism 
is so contrived that, when properly adjusted, the two hands must 
always point to the same letter. Thus, if the agent sending the 
message turns the hand to the letter M upon, ^iie ^\«ii!L\ifciQt^ Vcn^'» 
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the hand upon the dial at the station to which the message is sent 
will also turn to the letter M, and in this way, hy merely directing 
the hand successively to the letters of a word, pausing a little 
while at each letter tiie word will be spelled to tiie agent at the 
distant station. 

All alphabetic telegraphs, whatever be their form or construc- 
tion, convey the communications in this manner. 

The French railway telegraph is in its principle identical with 
the state telegraph. The indicator in the latter makes a complete 
revolution by eight successive steps, moving in each step through 
an angle of 45**. If the alphabet consisted of only eight letters, 
this would at once become an alphabetic telegraph by fixing the 
indicator in the centre of a dial upon which, at equal distances 
asunder, the eight letters are engraved. But since the French 
alphabet consists of 25 letters, and since an additional sign is found 
convenient, the dial is divided into 26 equal arcs instead of eight, 
and the indicator makes a complete revolution by 26 equal motions,^ 
at the termination of these motions respectively pointing to the 
letters engraved npon the dial. 

To accomplish tiiis, the escapement wheel is constructed with 
13 teeth instead of 4, the groove upon the moveable disc of the 
commutator has 13 sinuous undulations instead of 4 sides with 
rounded comers, and the fixed disc upon which the handle of the 
commutator moves, has 26 notches instead of 8. 

The grooved disc, by the motion of which the oscillations right 
and left are imparted to the lever which makes and breaks the 
connection with the battery, is fixed immediately behind the 
notched disc, and the sinuous groove has the form represented in 
fig. 51, and acts upon the lever in the manner described in 133. 

The commutator, with its appendages, is represented in fig. 73. 
The fixed disc has at its edge 26 notches, into which the pin 
projecting from the handle falls, as in the state telegraph. 
Engraved upon the face of the disc are, on the outside, the numbers 
from to 25, and on the inside the 25 letters (W being omitted, 
not being generally used in the French language), the 26th place 
having the mark -f . 

A part of the dial is broken away, to disclose the face of the 
moveable disc, with the sinuous groove behind the fixed disc. 
The lever g is visible, with its pin in the groove, and the oscilla- 
tion of the end of the lower arm H between the contact-pieces^ 
p and p', is exactly the same as that described in 133 and 
in 184. 

The handle of the commutator is keyed upon an axis which, 
passing through the centre of the fixed dial, is itself keyed into 
the centre of the moveable grooved. Siiol "Vi^Toaxid it, so that when 
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the handle b carried roond the ftred dial, the moveable dial behind 
is oarried Toimd with it. 

Upon the npper part of the board oarrying the dial are placed 
two mippIemeatsTj oommntators, i and L', tlie hands of which 
play upon the oontact-pieoea, a, s, E, and b", b*, e', as weU as upon 
an oblong plate of matal, upon which the words " ComniNiCATiOK' 
niRECTE " are engraved. 

The terminals c and z conunumcate with the copper and zino 
ends of tiie battery, or what ia tiie same, with its poBitive and 




negative poles ; t coiiimimica4«s with the earth. The oontaot 
pieces a s' are connected with elanuns, x B with the indicators, 
and the axes of the arms l t' with the line-wires. The dotted 
lines indicate the positions of sUps of metal inlaid in the back of 
the frame, by which tiie several pieces are put in metallic 
connection one with another. 

After the general ezplanatioii of the manner in whioh the course 
of the current is in jl cases governed, it will not be neoessaty 
here to explain ,the application of these oommutating apparatus, 
which are nothing more than particular applications ^ the general 
principle so fiilly developed in 111. 

A perspective view of tiie commutator and indicating apparatus 
mounted in the same case, is given in fig. 74 (p. 17). The com- 
mutator is fixed upon a horizontal desk, that being the mo^ 
convenient positioQ for it« easy end ttcpiA. TCiB:^'^ra!iB.&s&.- 't^ 
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indicator, which corresponds with it in form, is placed like the 
dial of a clock in front of a vertical case. 

If we suppose the commutator (fig. 73) at the station s, and the 
indicator at s', the arm of the commutator and that of the indi> 
cator being upon the mark -f > ^t^J niotion of the former made in 
the direction of the hand of a clock, will produce a corresponding 
motion of the hand of the latter, so that whatever letter or 
number the one points to, the other will at the same time 
point to. 

B J this means the agent at s may spell word after word to the 
agent at s'. 

There are various conventional signs, made by two or more 
complete turns of the handle of the commutator, which, being 
altogether arbitrary, and matters of local convenience, need not be 
noticed here. 

It is found that moderately well-practised hands can transmit 
with this instrument forty letters per minute, while the most 
expert can send as many as sixty. 

A side view of the wheel-work and electro-magnet, e, of the 
indicating apparatus is given in fig. 75. 

The armature, p, is alternately attracted and dismissed by the 

Fig. 75. 




magnet, acted on by the pulsations of the current, and imparts 
this motion to the escapement at F, by which the hand A of the 
indicator is advanced from letter to letter upon the dial, so that 
the motion of the hand a at the station s' shall correspond exactly 
with that of the hand of the commutator at the station s. 
24 
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189. Tlie telegraph which is represented in fig. 74 is a portable 
telegraph constructed for the French railways, by M. Breguet. 
This instrtunent, in size and arrangement^ is adapted to be carried 
in the guard's van upon the train, so that, in case of accident, it 
may be immediately put in connection with the line-wires, and 
notice of the circumstance may be instantly transmitted to the two 
stations between which the accident has taken place. 

Portable instruments for a like purpose haye been constructed 
in England and elsewhere. 

The apparatus consists of a stont oaken case, containing in the 
lower part, b B, a Daniel's battery of 18 pairs, a commutator, m, 
and an indicating apparatus, B. A small galvanometer is placed 
at G, to show the existence and force of the current, and a small 
electrormagnet, it. 

The dimensions of the instrument are indicated on the figure. 
When not in use the top, c c, attached by hinges to the case, can 
be turned down over the commutator and indicator, so as to close 
the entire apparatus. 

A long rod of metal terminated in a copper hook, is provided, 
by which the end of the coil L can be put in ooimection with the 
line- wire ; the end of the coil x being put in connection with the 
earth by means of a wire terminating. in a small iron wedge, 
which is driven with a hammer into the joint between two of tiie 
rails. 

To explain the manner of applying this apparatus, let us 
suppose an accident to happen between the stations s and s', and 
consequently the train to be stopped. The guard takes out the 
portable telegraph, and raising its cover c c, he puts the wire of 
L in connection with the line-wire, and that of t within a joint of 
the rails, in the manner described above. He then. makes one or 
two complete turns of the handle M of his commutator, observing 
whether the galvanometric needle a is deflected. If it is, he 
knows that he has transmitted a current to the line wires. This 
current divides itself at the hook, and a part goes to each of the 
stations s and s', at each of which it rings the alarum. After a 
short interval a current is transmitted back from one or other of 
the stations, the arrival of which is indicated by the deflection of 
the galvanometric needle, a. The guard then informs the stations, 
one or both, of the accident, its place, the nature of the aid he 
requires, &c. 

In comparing this with the state telegraph, it must not be 
forgotten that while this requires only one conducting wire, the 
state telegraph requires two. In foLct, the French state telegraph, 
like the English double-needle telegraph, is in reality two inde- 
pendent telegraphs, whose signals are com\>meA. Iot \k<&^'\£r^'«i^^'t 
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obtaining greater celerity of oommunioation by means of a greater 
variety of signals. 

GEBHAN EAILWAY TELEaHAPH. 

190. The telegraphic apparatus used for the service of the 
Prussian railways, and for most of those of the German states, is 
one for which a patent was obtained by M. Siemens, of Berlin. 

191. This apparatus consists of an indicating dial surrounded 
by the alphabet, upon which a hand moves, similar in form and 
external appearance to the indicating dial of the French railway 
telegraph already described (188)^ but placed upon a horizontal 
table instead of being vertical, as in the French telegraph. This 
dial is surrounded by a circular key-.board, as shown in fig. 76, 
having as many keys like those of a piano-forte as there are 
characters upon the dial, the letter engraved upon each key being 
identical with that with which it corresponds in position upon the 
diaL 

192. A lever, a 5, is placed upon the table, turning upon the 
centre 5, and limited in its play by two stops, T and B. When it 
is turned against t, the line- wire is put in connection with the 
indicating apparatus, and when it is turned against B, that wire 
is put in connection with an alarum. A current, therefore, which 
is transmitted along the line- wire can be made to pass through the 
indicating apparatus or through the alarum at Trill, by giving to 
the lever a h tiie one position or the other. 

The usual means are also provided by which i^e current may be 
allowed to pass the station without going through either the 
alarum or ike indicating apparatus, or by whioh it may be stopped 
at the station and turned into the earth. In fine, all the pro- 
visions common to telegraphs in general, which have been 
explained in 112, et aeq,^ are provided. 

When no current passes upon the line-wire, and the instruments 
are not in operation, the lever a & at each station along the line is 
placed against B, so that the line- wire is everywhere in connection 
with the alarum. 

If it be desired to transmit a despatch from any station, s, the 
agent at that station puts the line-wire in connection with the 
poles of his battery, so that a current may be transmitted to all 
the stations upon the line. This current rings all the alarums, 
inasmuch as the arms a & are placed against B at all the stations. 
The agents at the stations being thus called, remove the arms, a 5, 
of their several instruments, and place them against the stops, t, 
the agent at the station s doing the same. 
PreTionely to this, when the inatrumenta "were in repose the 
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indicating hands, w, in all of them were placed upon the division 
of the dial marked +. The moment the arms, a 6, or any of 
them, are placed against the stops t, the current transmitted upon 
the line-wire passing through the several indicating instruments, 
the indicating hands in all the instruments wiU commence simul- 
taneously.to move round the several dials. They will move from letter 
to letter with a starting and interrupted, hut regular motion, like 
that of the seconds hands of a clock, hut much more rapidly. ' The 
rate at which they are moved will depend on the force of the 
current, hut, whatever be the rate, it will be common to all, all 
making successive revolutions of the dial precisely in the same 
time, and moving together from letter to letter with the most 
absolute simultaneity, and since they all started from the same 
point -h, and move together from letter to letter, it follows that, 
whether their motion be quick or slow, they will all at each 
moment point to the same letter. 

Now, it is important here to observe, that this common rotation 
of all the hands upon all the dials is produced and maintained by 
the current alone, without any manipulation whatever on the part 
of any agent at any station, and it would continue to be main* 
tained indefinitely, provided that the battery were kept in action. 

We have supposed the battery at the station s, from which the 
despatch is about to be transmitted, to be alone put into connection 
witii the line- wire. But, in order to strengthen the current, each 
agent on the line, when he receives the signal, also puts his 
battery in like connection with the line-wire, so that the current 
acquires all the intensity which the combined action of all the 
batteries on the line is capable of producing. 

The apparatus is so arranged that, in all cases, the galvano- 
meter, <f , is in connection with the line-wire, so as to indicate at 
all times at each station the state of the current. 

It now remains to show how a despatch can be transmitted from 
any one station to all or any of the other stations on the line. 

The apparatus is so constructed, that if the agent at any 
station presses down any one of the keys surrounding the dial, 
the indicating needle, upon arriving at that key, will be stopped ; 
and at the same moment the current upon the line-wire will 
be suspended. This suspension of the current will also, at the 
same moment, stop the motion of all the indicating hands upon all 
the dials on the line. The agents at all the stations will therefore 
see and note the letter on which the transmitting agent has put 
his finger. The transmitting agent, after a sufficient pause, 
transfers his finger to the key of the next letter he desires to 
transmit. The moment he raises his finger from the first key the 
current is re-established on the line- wire, and all the indicating 
28 
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hands rotate as before, passing again simultaneously from letter 
to letter until they arrive at the second letter upon which the 
transmitting agent has put his finger, when they again stop, and 
80 on. 

Li this manner an agent at any station can stop the indicating 
needles at any or all the other stations successiyely, on their 
arriyal at the letters of the words he desires to communicate. 

193. If by reason of inattention or otherwise any letter or letters 
tranismitted escape the attention of the agent at aity of the stations 
to whidi the despatch is addressed, such agent immediately signifies 
the fact by putting his finger on one of the keys of his own instru- 
ment, by which he stops the hand upon the dial of the traneanitting 
agent at a letter, which tells him to repeat the last letter or word 
as the case maybe. This signal is understood at all the other 
stations, so that no confusion ensues. 

194. Haying thus shown how a despatch is transmitted and 
understood by those to whom it is addressed, I shall now explain 
the mechanism by which these effects are produced. 

Beneath the dial of each instrument an electro-magnet, such as 
mm* (fig. 77) is placed, upon the coil of which the current trans- 
mitted from the batteries passes. This magnet, then, as usual, 
attracts its armature g o, which comes against the stop f • Now 
the apparatus is so arranged, that when 
g strikes f , the circuit of the current is 
broken, and consequently the current is 
stopped. This depriyes the electro- 
magnet m m' of its magnetism ; and g 
being no longer attracted, it is drawn 
back from the stop t by the spring «, 
and it recoils upon the stop t. Here the 
connection with the line-wire is repro- 
duced, and the current is re -establii^ed. 
The electro-magnet haying thus reco- 
yered its magnetism, g is again attracted 
by it, and drawn into contact with Vy 
where the connexion is again broken, 
and g is drawn back to ^ by the spring 
«, and so on. 

Since the interyals of transmission and suspension of the current 
are the same throughout the entire line, and since the intervals of 
transmission are those in which the armature moves towards the 
electro-magnet, and the intervals of suspension those in which it 
recoils froxii the magnet, it follows that the oscillations of the 
armature of all the eleetro-magnets at all the stations are absolutely 
alike and simultaneous. 
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In each instrameiit the armature is in connection with a toothed 
wheel, upon the axis of which the hand m n (%. 76) is keyed, so 
that each yihration of the armature puts forward one tooth of the 
wheel, and advances the hand n from one letter to another. 

195. Upon comparing this arrangement with that of the French 
telegraph, it will be perceiyed that here the mainspring and wheel- 
work which moTOs the indicator are altogether omitted, and the 
armature of the electro-magnet, which in the French instrument 
only regulates the motion of the indicator, here both moves and 
regulates it. In fine, the armature here discharges at once the 
functions of the mainspring, and of the pendulum .of a dock. 

It wiU also be obserred that the manipulation of the transmitting 
agent, by which he moTcs the indicators on the dials of the distant 
4stetions, is dispensed with, the current itself, through the inter- 
vention of the armature of the electro-magnet, imparting to the 
indicator a constant motion of rotation without any manipxdation 
whatever. 

That part only of the manipulation by which the indicator is 
istopped for a moment successively at the letters of the word intended 
to be transmitted, is retained, and that is effected by the action of 
the keys surrounding the dial. 

196. Under i^e dial, a radius or arm is keyed upon the axis on 
which the indicating hand is fixed, so as to be always immediately 
under that hand and parallel to it, revolving simultaneously with it. 
This radius is a little longer than the indicating hand, and extends 
under the keys surrounding the dial. From the under-surfaoe of 
each key a pin projects, the length of which is such that when the 
key is not pressed down, the radius passes freely under it ; but 
when the key is pressed down, the pin comes in the way of the 
radius, and stops it when i^e indicating hand n arrives at the 
letter engraved on the key. By the action of the same pin the 
armature o g {^^^ 77) of the electro-magnet is arrested in its return 
from ^' to ^, so as to be prevented from arriving at t» The current, 
therefore, is prevented from being re-established on the line-wire, 
as it would be if ^ o were permitted to come into contact with t. 

Thus it will be understood how by putting down a key the two 
desired effects are produced. 1st, the stoppage of the indicating 
needles at the letter engraved on the key of the indicator on which 
such key is put down,; and 2nd, the simultaneous suspension of 
the current along the entire telegraphic line, by which the indi- 
cating needles of all other instruments are stopped at the same 
letter. 

197. This apparatus, compared with the French telegraph, to 
which it has an obvious analogy, has the advantage of greater 
simplicity. By dispensing with the mainspring and its necessary 
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train of wheel-work, and with the rather complicated conunutator 
worked by the hand of the transmitting agent, many moying parts 
are rejected, and there are proportionately less chances of derange- 
ment and less causes of wear or fracture. But on tiie other hand 
the moving power which impels the indicator, being transferred 
from the mainspHng to the current, a proportionately greater force 
of cunent is n^Zry. This fOro; is, Wjer, obtaLd without 
augmenting the magnitude of the batteries at any one station by 
the expedient of bringing the piles of both the terminal stations, 
and, if neeessary, of any or all the intermediate stations, into the 
circuit. 

198. Jn the batteries used with the French railway telegraph, 
the use of acid, as has been stated, is found altogether unneces- 
sary. In the German telegraph, however, pure water does not give 
a sufficiently strong current, and it is acidulated with about one and 
a half per cent, of sulphuric acid. The battery at each station consists 
usually of from 15 to 20 pairs. The usual speed imparted to the 
indicator by the current is about 30 revolutions per minute. 

M. Siemens invented mechanism by which the indicating 
apparatus was connected with one by which the letters of the 
iatch as they arrived we« prinJ by ordinary type upoa a 
band of pap^. Since, however, this has not been brought into 
practical use, it will not be necessary to explain it. 

When the electric telegraph was first opened to the general 
service of the public in Prussia, this apparatus of Siemens was 
generally used, but it has since been superseded by that of Morse, 
its speed of transmission being found insufficient for the public 
service. 

BELGIAN BiJLWAY TELEGEAPH. 

199. When the electric telegraph was first brought into use on 
the Belgian railways, the French and German apparatus described 
above were tried in succession. In 1851 they were, however, 
both superseded by a form, of telegraph invented and constructed 
by M. Lippens, mathematical instrument maker of Brussels. 

200. M. Lippens attributes to the French and German railway 
telegraphs certain defects, which he claims to have removed. For 
the efficient performance of those telegraphs, it is evident that a 
<)ertain relation must always be maintained between the force of 
the spring » {^. 77), which produces the recoil of the armature g o, 
and ^e attractive force of the magnet, or what is the same, between 
the spring and the intensity of the current, with which the attrac- 
tion of the magnet must vary. Now the intensity of the current 
is subject to variation, depending on the state of the battery, the 
number of pairs which are brought into opei^ttloTi, \3aft \«a!^<2Jl 



THB EliBCTBIC TELEGRAPH. 

the line-wire upon wMcli it is transmitted, the more or less perfect 
state of the insulators, and in fine on the weather. 

If the current become so feeble that the attraction of the 
magnet is less than the force of the spring 5, the armature g o will 
remain upon the stop ty from which the magnet is too feeble to 
remove it. If, on the other hand, the spring have not sufficient 
force to overcome the friction and inertia of the armature g o, and 
the small portion of magnetism which may be retained by the 
electro-magnet after the current has been suspended, the armature 
will remain upon the stop i*, the spring being unable to produce 
its recoil. 

Since therefore the forces against which the spring s acts, and 
which it ought to exceed, and those which act against it and 
which ought to exceed it, are variable, it is clear that the mainte- 
nance of the ef&cienoy of the apparatus requires that the spring « 
shall from time to time be adjusted, so as to be kept in that 
relation to its antagonistic forces, which are necessary for the due 
performance of the telegraph. 

It has been already shown that very sufficient and very simple 
means of adjustment for this purpose have been supplied in 
the French telegraphs. The hands which appear in the upper 
comers of the instrument (fig. 70) are intended for this purpose, 
and being turned by the key, the springs connected with them are 
increased or diminished in tiieir force, according as the key applied 
to them is turned i^e one way or the other. Similar adjustments 
are provided in the German instruments. 
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CHAPTEE IX. 

201. Delete of the Preadi tuil German instnunent ivmored b; lappeiu' 
inEtrnment.— 202. I}eBcriptian of it.— 203. lU wheel oommntAtor.— 
201. IIiBiuuiiuaion of dcspatchea bj it. — 205. Promant'i alphalMtio 
telegraph.— 208. Morae's tdegmph,— 207. Fromant's writing tele- 
graph. — 203. Bun's ehemicoltel^raph. — 209. Method of writing, t— 
210. Blsctro-chomicol pen.— 211. Metillia desk. 

201. M. Lippena anildke Belgian lailway and telegraph authori- 
ties by wliom he liM been supported, howeTer contend, that 
although tlie permanent staff of the state and public telegraphs 
I'onstontly occupied and practised in the manipulation of suoh 
apparatus may be relied upon for the duo management of suoh 
adjustments, ^e agents of various grades employed on the rail- 
ways, whose duties do not permanently conneot them vdth tiie 
telegraph, and who ore only called to it horn time to time, cannot 
be depended on to perform a^ustments requiring not only con- 
stant practice, but some address and some special knowledge of 
tho principle and mechanism of the apparatus, 

LAUDXra's MOSIBK OP SOIEBCS. » ^ 
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When the wheel is made to revolve, the spring r' comes alter- 
nately into contact with the conducting arcs of the one and of the 
other disc. Another similar spring is applied to another part of 
the edge of the wheel, so as to he in contact with the conducting 
arcs of the upper disc, while the spring r' is in contact with those 
of the lower, ami vice verad. 

One of the two discs is in connection with the copper, and the 
other with the zinc end of the battery, so i^at one may he con- 
sidered as its positive and the other as its negative pole. One of 
the springs is in connection with one end, and the other with the 
other end of i^e conducting wire, which forms the coils, and 
which passes along the telegraphic line. By causing the wheel 
to revolve, therefore, the conducting wire will he alternately 
connected with contrary poles of the battery, and the current 
upon it will be reversed. 

If the edge of the wheel be divided into ten equal parts by the 
conducting arcs, this reversion will take place ten times in each 
revolution, and if a revolution be imparted to the wheel in each 
second, the current will be re^rsed ten times per second. 

In the apparatus of Lippens the oscillations thus imparted to 
the armature, g g'^ fig. 78, are made to act by the intervention of 
toothed wheels upon the indicating hand which moves upon the 
dial around which the letters are engraved, as in the French tele- 
graph, and this hand is moved from letter to letter in the same 
manner as in the French railway telegraph and that of Siemens. 

Upon the axle of the commutating wheel above described a 
winch is fixed by which the agent who transmits the despatch 
turns it. 

A plan of this instrument is drawn in fig. 80. The handle of 
the commutator B b' is keyed upon the axis of the wheel already 
described, which is imder the table of the instrument. This 
wheel, and the springs which press upon it, are indicated in 
the figure. The handles q q are those by which the current is 
conducted from the up or down line through the indicating 
apparatus, or through the alarum, as already explained in the 
case of the German telegraph. Several other batteries are provided 
for establishing connections with the line wires, the battery poles, 
the alarums, and the earth, and differ in nothing essential from 
similar adjustments in other telegraphic instruments. 

204. When the agent at any station, s, desires to transmit a 
despatch to any other station or stations, s', he first, as in other 
telegraphs, calls the attention of the agents at s' by means of 
the alarum. The current being then directed thivm^ the instru- 
ments severally by means of tiie a<^*ustments pppyi4<E4 ^^ ^^ 
purpose, tbe transmitting agent at 9 turns the handle 9 ^ f^ bis 
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commutator, bj wliich he prodoces the pulaations of the onirent, 
and pute the indicatiiig handa upon the diob at ^, us well as 
upon bia own in motion. These hands aa nsnul, when properly 




adjusted always point to t^e some letters. The transmitting 
agent stops the handle B B* when he sees the hand f npon his 
dial point snooessiTely to the letters which spell the wrad he 
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desires to transmit, and by continuing to operate thns, he trftnsmits 
the entire despatch. 

Such is the Belgian railway telegraph, and although it must be 
admitted that it supplies a certain improvement on the French 
telegraph, it ought also to be stated that the difficulty and incon- 
venience which M. Lippens claims to have removed, has not been 
found to offer any practical obstruction to the satisfactory per- 
formance of the French instruments. 

It appears that M. Lippens has lately made considerable im- 
provements in the practical details of his telegraph, by which its 
operation is rendered much more isonvenient. He has also sub- 
stituted the magneto-electric for the voltaic current, and thus 
dispensed with the voltaic battery. This last improvement has 
not yet (July, 1854) been applied on the telegraphic lines, but 
will- be in operation, probably, before these pages come into the 
hands of the reader. 

rEOMBirr's axphabet telegbaph. 

205. The external appearance of this instrument, represented 
in fig. 81 (p. 33), is that of a small piano-forte, having, however, 
no black keys. On each of the keys a letter of the alphabet is 
engraved, the first key being marked with a cross, and the last 
with an arrow. On tiie first ten keys are also engraved the 
numerals. This part of the apparatus is the commutator, by 
which the agent at the station where it is placed, is enabled to 
transmit signals to any distant station. 

Upon it is placed the indicating apparatus, which is acted upon 
by the commutator of the apparatus at a distant station, and by 
which a despatch is received. This indicator is similar in form 
and in the manner of giving its signals to that of the French 
railway telegraph already described. The dial of the indicator is 
marked with the letters of the alphabet, and the cross and arrow 
corresponding with the characters engraved upon the keys of the 
commutators. 

At the back of the case containing the indicating apparatus 
the alarum is attached, and commutators are placed upon the 
case by which this alarum can be put in connection at pleasure 
with the line-wire. As usual it is always kept in connection with 
it when the instrument is not in use, so that notice may be given 
of the approaching arrival of a despatch. On the ringing of the 
alarum the agent at the station tm'ns off the commutator from 
the alarum and throws it into connection with the indicating 
apparatus. 

To explain the tranmission of a despatch, let us suppose an 
apparatus, such as that represented in the figure, to be erected 
88 
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at two stations, s and s', connected as usual by a conducting 
wire ; the instrument, being unemployed, the line- wire at both is 
in connection with the alarum. Now let us suppose that s desires 
to transmit a despatch to s'. In that case s haying first turned 
on the current, puts down any key whatever of his commutator^ 
the effect of which is that a current is transmitted upon the 
line wire to s', which rings the alarum; then s' replies by 
transmitting a return current in the same way to s, by which 
s's alarum is rung. All being then prepared for the trans- 
mission of the despatch, s puts down witii his fingers succes- 
siyely the keys of his commutator upon which the successive 
letters spelling the words of the despatch are engraved, and 
simultaneously with this the indicator upon the dial of s' points 
to the same letters, which are taken down by s'. At the end of 
-each word, s puts down the key marked with the cross. 

When it is intended to transmit numerals, s puts down the 
arrow just before he begins them, and the cross when he ends thenu 
Thus if it be desired to transmit the number 1854, s first puts 
down the arrow, and then the keys marked A, H, e, and d succes- 
sively, after which he again puts down the cross to indicate that 
the number is finished. It remains now to explain how these 
effects are produced. 

Within the case, and at some distance below the key-board, a 
steel rod is extended, parallel to the line of keys, the length of 
which corresponds with that of the row of keys. From this rod, 
and at right angles to it, proceeds a series of short steel arms, one 
under each key. In the bottom of each key, and at right angles 
to it, is inserted a short projecting pin, which corresponds pre- 
cisely in position with the short steel arm just mentioned. The 
length of the arm, and that of the pin, taken together, is a little 
less than the distance between the bottom of the key and the 
steel rod when the key is not put down by the finger, the neces- 
sary consequence of which is that in that position of the key the 
rod may revolve, carrying the arm roimd with it imobstructed. 
But when the key is put down by the finger, the bottom of it is 
brought to a distance from the rod which is less than the simi of 
the lengths of the projecting arm and the pin, and consequently 
if the rod revolves, carrying with it the projecting arm while the 
key is thus held down, the pin coming in the way of the arm 
arrests it, and stops the further revolution of the steel rod. 

It is evident that if the projecting arms were all inserted in the 
steel rod at the same side, or to speak with still more precision, if 
their points of insertion lay in a line along the side of the rod 
parallel to its axis, the pins of all the keys would arrest the 
revolution of the rod in exactly the same position, and, as it 

30 



THE ELECTBIC TELEGBAPH. 

will presently appear, that the position in which the rod is stopped 
detennines the signal transmitted, it would follow as a consequence 
that in sooli case all the keys wonld transmit the same signal, 
and the indicator at the station to which the dispatch is to be 
transmitted wonld always retom to the same letter npon the dial. 

To prevent this, and to vary the signal in the necessary manner, 
the projecting arms are inserted in the steel rod according to a 
spiral or heliacal line, sorronnding it like the thread of a screw, 
so that if, for example, the rod be placed so that the first projecting 
arm corresponding to the key marked with the cross, points directly 
upwards, the fourteenth which corresponds to the key h, will 
point directly downwards, and the intermediate arms will point at 
angles more and more inclined from the upward direction, each 
being deflected from the upward direction more than the preceding 
one by the fourteenth part of the half circumference. 

In like manner, in proceeding from the arm corresponding with 
the key h, which points downwards, each successive arm will be 
more and more deflected from the downward direction, each being 
more deflected from it than the preceding one by the fourteenth 
part of half the circumference. 

Thus the twenty-eight projecting arms divide the circumference 
of the rod into twenty-eight equal parts, and consequently in a 
revolution of the rod, the arms come successively to the position 
in which they point upwards and in which they would encounter 
the pin projecting from the bottom of the key if that pin were 
thrown in their way by the key being pressed down by the finger. 

It will be evident, therefore, that if from any cause the steel 
rod be made to revolve, its motion may be stopped at twenty-eight 
diflerent points of its complete revolution by means of the depres- 
sion of the twenty-eight keys. We shall now show how a motion 
of revolution is imparted to this rod. 

To its right-hand extremity is fixed a ratchet-wheel, which 
is in connection with a train of clockwork, moved in the usual 
manner by a mainspring. This clockwork is contained within 
the case of the apparatus. If it be wound up, and if nothing 
obstructs its action, a motion of continuous rotation will be im- 
parted to the ratchet-wheel, and by it to the steel rod, and this 
motion will be more or less rapid according to the force of the 
mainspring, and the a^ustment of a fly which is connected with 
it. They are so adjusted as to cause tiie rod to revolve two or 
three times in a second. But in the teeth of the ratchet-wheel, a 
catch is inserted, which counteracts the mainspring and prevents 
the motion, which can only take place when this catch is with- 
drawn. A bar is suspended parallel to the keys, and under them,, 
by a contrivance called in mechanics a parallel motion, by means^ 
40 
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of wliieli any of tbe keys when pressed by the fingerwill lower it. 
This bar rests upon tbe arm of the catdi engaged in the t«eth 
of the ratchet-wheel, so that whenever any key is put down by 
the finger, the bar is depressed, the oat«h disengaged, the wheel 
liberated, and a motion of revolution imparted. 

On the left hand extremity of the etael rod is fi^ a oommu- 
tating wheel, similai in principle to that already described in the 
railway telegraph. Thiswheel, beingfixed npon^e rod, turns with 
it, moving when it moves, and stopping when it stops. Since the 
position in which the rod stops is determined by the key put down, 
the positiim in which the wheel thus fixed on the rod stops, is 
similarly determined. This wheel determines the pulsation of the 
cnrrent, and these pulsations determine the position of the 
indicator at the station to which the despatch is transmitted, in a 
manner which is subatantiaUy tbe same as that already desari^ted 
in the ca^e of the railway telegraph, 

MOHSE'a TBtEBSAPH:. 

206. This apparatus, which is applied on an extensive scale in 
America, and wiQi some slight modifications in the Germanic States, 
is constructed upon the principle already explained in 153. 

Fig. 32. 




1 its most uaunl form is 



A general view of the instrument i, 
given in fig. 82. 

u is the electro-magnet ; h is on annatuie working on the centre 

c ; I an adjusting screw to limit the play of the armature, and 

prevent its contact with the electro-magnet at p ; d another 

n^usling screw to limit its play in the other direction ; t a metallic 

il 
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style which marks by pressure a band or ribbon of paper drawn 
from the roll e, and carried between the rollers o and o' ; p the 
ribbon of paper discharged from the rollers o &, after being 
impressed by ^ with the telegraphic characters; i, 5, &c., clock- 
work from which the rollers o o' receive their motion, by which 
motion the ribbon of paper is drawn from the roller b ; f the 
spring which draws the arm H of the electro-magnet from the 
armature ; s s the upright pieces supporting the clockwork ; B B 
the base supporting the instrument ; B, the key commutator, by 
which the current transmitted along the line- wire is alternately 
transmitted and suspended ; m, n, m\ n\ wires by which the coil 
of the electro-magnet and the poles of the station battery are put 
in connection with the line-wires. 

The general principle of this and all similar apparatus has 
been already so fully expained in 153, et seq,, that little more 
need be said here to render it intelligible. If it be desired to 
transmit a despatch to a distant station, the battery at the trans- 
mitting station is put in communication with the line-wire, and 
by the action of the key b the current is alternately transmitted 
and suspended during longer and shorter intervals, which are 
determined by the conventional telegraphic letters. The action 
of the style t against the ribbon of paper which passes over it at 
the station receiving the despatch, corresponds exactly with the 
action of the key b at the . station from which the despatch is 
transmitted; and combinations of longer and shorter marks or lines 
and dots are produced upon the ribbon of paper by its pressure, as 
is shown in the figure. 

The particular combinations of lines and dots used to express 
the letters are obviously arbitrary. As a matter of convenience 
and means of expedition, the letters of most frequent occurrence 
are expressed by the most simple signs, and consequently the 
selection of signs for the diflferent letters will vary with the language 
in whi^h the dispatch is expressed. 

The following are the telegraphic characters adopted by Mr. 
Morse for the English language : — 



morse's telegraph. 

This telegraphic apparatus being that which has been by far 
the most extensively brought into use, being not only adopted 
almost exclusively in the United States and contiguous countries, 
but also in all the German States, it may be useful here to present 
the instrument and its appendages in the form in which it has been 
most recently constructed in the United States, and which has 
been recommended by the American telegraphic confederation, as 
being that which it would be most advantageous to adopt gene- 
rally, so that all the parts being manufactured of the same pattern 
and size no difficulty would be found in replacing any of them in 
case of fracture. 

A perspective view of the instrument, omitting the paper roller 
and ribbon, is given in fig. 83 (p. 44). 

z. The wooden base upon which the instrument is screwed. 

B. The brass base plate attached to the wooden base 2. 

A. The side frames supporting the mechanism. 

A, A. Screws which secure the transverse bars connecting the 
side frames. 

o. The key for winding up the drum containing the main- 
spring, or supporting the weight, according as the mechanism 
is impelled by one or the other power. 

3, 4. Clock-work. 

u, A lock or gauge to regulate the pressure of the rollers on the 
paper. 

c. The pillar supporting the electro-magnet. 

p. The adjusting screw passing into the pillar, c, projecting 
through the armature, to enable the telegraphist to adjust the 
sound of the back stroke of the armature at pleasure. 

o. The spring bar, and 

df the screw to adjust the action of the pen lever. 

D. The apparatus for adjusting the paper rollers. 

/. The adjusting screw of the pen lever. 

The form of the relay magnet recommended, is given in fig. 
84 (p. 45), in its proper size. 

A B, are the helices or coils. 

c. The supporter of the magnet lightly screwed to 

w, the connecting bar of the magnets. 

Y. Rosewood or ivory ends of magnets. 

D, Armature screwed to 

E, an upright lever ; 

F, its axis, surrounded by a spiral spring, to perfect the con- 
nection in case of a fault at the ends of the axle. 

M. The spring to produce the recoil of d and E. 
L. Its adjusting screw. 

H. An adjusting screw to limit the play of e towards the magnet ; 
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limit tiie play of i 



s, its point of platmnm, 

s. An adjusting screi 
magnet. 

I. Its inaolating point, in ircoy. 

V. Screws to 
connect witb tlie 
wires of the station 
battery. 

p 0. Screws to 
connect witii the line 



X. The point where 
the coil wire passes 
throngh 

u, the base of the 
magnet. 

The fbnn recom- 
mended fbr tiie key 
commntator is re- 
presented in its 
proper mAgnitnde in. 
fig.85(p.46). WJien 
the key is held down 
the circuit is per- 
fect. It is not liable 
to wear and to pro- ' 
dace a, doubtful \ 
oonnection. The '' 
whole arrangement 
is designed to avoid 
the evils heretofore 
existing, and perfect 
every questionable 
part. The anvil of 
the key is well 
mode, firm, and 
capable of hard 
wear, cegaidless of 
the adjostm^t of 
the key lever. The 
hammer of the key lever is also firm, and made of good platina 
wire, and securely made &st in the key lever. The adjusting screws 
of the axle are arnuigcd according to the best mode, to secure the 
most perfect action. The elevation of the key lever can be adivi&tsd. 
to suit the operator, by elevating the kcj tcamc, at tfSQ»r»risft. 
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207. This Bppaiatoa ia lepreaented in fig. 86 (p. 49), and the 
pinoiple on vHoli it acts lias been fully explained in (153). 

The paper npon Trtiioh the telegrnphio charaotew are written is 
lolled npon the sorfaoe of a dmm c. The pencil b is pressed by a. 
spring npon the paper. The dram is made to revolve by olock- 
vorlc in tlie usual manner contained in the case A. If the paper 
be moved without moving the pencil, the latt«r will trace a 
straight line ; but if the pencil be moved to and fro by the action 
of the eleotivmagnet and recoil spring, a zigzag line will be 
formed by the vibrationa imparted to the pencil by the magnet, 
or what is the same, by Ihe pulsations of the current. 

To equalise the wear of the pencil, a slow motion of rotation is 
imparted t« it by wheels adapted for that purpose. 

The canmmtator by i^oh 1^ polsationfl which determine the 
signals are produced, is a whffil, at the circnmference of which 
are five metallic divisions with intermediato spaces vaoant, so 
that in each revolution the onrrent is transmitted five times, and 
suspended five times. If it be desired to produce a single pulsa- 
tion, the wheel is moved through the fifth part of a revolution ; 
if it be desired to produce three pulsations it is moved through 
three-fifths of a revolution, and so on. For each pulsation, one 
zigzag is made by the pencil at the station to which the despatch 
is transmitted. 

The signs adopted in this telegraph to express the leliters, are 
various numbers and combinatious of zigzag forms. 

bain's elbctbo-chemical tbleosaph. 
208. The manner in which the decomposing power of the 
current is capable of producing written characters at a distance 
from the hand of the writer bos been already explained (170). 



bain's electro-chemical telegraph. 

Of the forms of telegraph in whicli this principle is brought into 
play, the only one which has been practically applied on an 
extensive scale is that projected by Mr. Alexander Bain. 

209. To render this instrument understood, let us suppose a 
sheet of writing paper to be wetted with a solution of prussiate of 
potash, to which a little nitric and hydrochloric acid have been 
added. Let a metallic desk be pirovided corresponding in magni- 
tude with the sheet of paper, and let this de^ be put in com- 
munication with a galvanic battery so as to form its negative pole. 
Let a piece of steel or copper wire forming a pen be put in con- 
nection with the same battery so as to form its positive pole. Let 
the sheet of moistened paper be now laid upon the metallic desk, 
and let the steel or copper point which forms the positive pole of 
the battery be brought into contact with it. The ^vanic circuit 
being thus completed, the current will be established, the solution 
with which the paper is wetted will be decomposed at the point 
of contact, and a blue or brown spot will appear. If the pen be 
now moved upon the paper, the continuous succession of spots will 
form a blue or brown line, and the pen being moved in any 
manner upon the paper, characters may be thus written upon it as 
it were in blue or brown ink. 

An extremely feeble current is sufficient to produce tMs effect ; 
but it will be necessary, when the strength of the current is very 
much reduced, to move the pen more slowly, so as to give the 
time necessary for the weakened current to produce the decom- 
position. In short, a relation exists between the greatest speed 
of the pen which is capable of leaving a mark, and the strength 
of the current; the stronger the current the more rapidly may 
the pen be moved. In this manner, any kind of writing 
may be inscribed upon the paper, and there is no other limit to 
the celerity with which lie characters may be written, save 
the dexterity of the agent who moves the pen, and the sufficiency 
of the current to produce the decomposition of the solution in 
the time which the pen takes to move over.a given space of the 
paper. 

210. The electro-chemical pen, the prepared paper, and tbe 
metallic desk being understood, we shall now proceed to explain 
the manner in which a. communication is written at the station 
where it arrives. 

211. The metallic desk is a circular disk, about twenty inches 
in diameter. It is fixed on a central axis, with which it is 
capable of revolving in its own plane. An uniforln movement of 
rotation is imparted to it by means of a small roller, gently 
pressed against its under surface, and having sufficient adhesion 
with it to cause the movement of the disk by the revolution of 
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the roller. This roller is itself kept in uniform revolution by 
means of a train of wheel- work, deriving its motion either from a 
weight or main spring, and regulated by a governor or fly. The 
rate at which the disk revolves may be varied at the discretion of 
the superintendent, by shifting the position of the roller towards 
the centre ; the nearer to the centre the roller is placed, the 
more rapid will be the motion of rotation. The moistened paper 
being placed on this disk, we have a circular sheet kept in uniform 
revolution. 

The electro-chemical pen, already described, is placed on this 
paper at a certain distance from its centre. This pen is sup- 
ported by a pen-holder, which is attached to a fine screw ex- 
tending from the centre to the circumference of the desk in the 
direction of one of its radii. 

On this screw is fixed a small roller, which presses on the 
surface of the desk, and has sufficient adhesion with it to receive 
from it a motion of revolution. This roller causes the screw to 
move with a slow motion in a direction from the centre to the 
circumference, carrying with it the electro-chemical pen. We 
have thus two motions, the circular motion carrying the moistened 
paper which passes under the pen, and the slow rectilinear motion 
of the pen itself directed from the centre to the circumference. 
By the combination of these two motions, it is evident that the 
pen will trace upon the paper a spiral curve, commencing at a 
certain distance from the centre, and gradually extending 
towards the circumference. The intervals between the successive 
coils of this spiral line will be determined by the relative velocities 
of the circular desk, and of the electro-chemical pen. The relation 
between these velocities may likewise be so regulated, that the 
coils of the spiral may be as close together as is consistent with the 
distinctness of the traces left upon tbe paper. 

A view of the circular desk, the 'chemical pen, and the clock- 
work is given in fig. 87 (p. 65), which will render the preceding 
explanation more easily understood. 
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CHAPTEK X. 

212. Opetaljaii of Bun's telegnph.— 213. Iti commatator.^Sll. lU 
eitraardiii>i7 speed of taBmniiHuoa. — 21G. OtntructioDt to it! 
practical appliation. — 210. lti|ircspects.^217. Autograph telegraph. 
^218. Hooae'a printing telegraph. — 219. Its operation. — 220. 
Henley's magnetic telegcsph. — 221. Brett's printing tel^npL — 
222. Celeritr of teitffajAiie eommnnicstion.— 223. (SmunnaDcei 
which a&ct it— 221. Compatative ability of telcgrapbirts.— 225 
Each telegraphist known bj hii manner of tnnsniitdng, — 226. Euier 
to tranimit than to reodTe.— 227. Paosca in truumiHion.— 228. 
BateoftTansmianoD with doaUe needle inAumenla worked by vollMC ' 
cnirent. — 229. Bate with magneto-deetric enrrent. 

212. 'Sov, let us sappoae that the galvanic circuit is completed 
in the maimer cnstomar;^ with the electric teiegraph, that is to 
say, the wire which termbiates at the point of the electro-chemical 
pen is earned from the rtatioii of ftrrivsl to the station of de- 
partnrei where it is connected with the galvanic batteiy, and 
the retnniing cutrent is formed in the nsnal way by the earth 
itself- 'n'hen the communication between the wire and the gal- 
vanic battery at the itation of departure is establidied, the 
enrrent irill paw thnnigfa the wire, wUl be tranimitted bam the 
point of the electro-chemical pen to the moistened paper, and will, 
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as already described, make a blue or brown line on this paper. 
If the current were continuous and uninterrupted, this line would 
be an unbroken spiral, such as has been already described ; but if 
the current be interrupted at intervals, during each such interval 
the pen will cease to decompose the solution, and no mark will be 
made on the paper. If such interruption be frequent, the spiral, 
instead of being a continuous line, will be a broken one, consisting 
of lines interrupted by blank spaces. If the current be allowed 
to act only for an instant of time, there will be a blue or brown 
dot upon the paper ; but if it be aUowed to continue during a 
longer interval, there will be a line. 

Now, if the intervals of the transmission and suspension of the 
current be regulated by any agency in operation at the station 
of dep^*ture, lines and dots corresponding precisely to these 
intervals, will be produced by the electro-chemical pen on the 
paper, and WiU be continued regularly along the spiral line 
already described. It will be evident, without further explana- 
tion, that characters may thus be produced on the prepared paper 
corresponding to those of the telegraphic alphabet already de- 
scribed in the case of Morse's telegraph, and thus the language 
of the communication will be written in these conventional 
symbols. 

There is no other limit to the celerity with which a message 
may be thus written, save the sufficiency of the current to effect 
the decomposition while the pen passes over the paper, and the 
power of the agency used at the station of departure to produce, 
in rapid succession, the proper intervals in the transmission and 
suspension of the current. 

The succession of intervals of transmission and suspension of 
the current on which the production of the written characters on 
the prepared paper depends, may obviously be produced by the 
key commutator (128).; and with that instrument at the station 
from 'Which the dispatch is transmitted, an agent can convey in 
the same manner and with the same celerity as in the case of 
the telegraph of Morse, or that of Froment ; and such is in fact 
the manner in which dispatches are usually transmitted with this 
apparatus. 

213. But this form of commutator, though 'perfectiy efficient 
so far as it goes, does not call into operation sill that extra- 
ordinary celerity which forms the prominent feature of this 
invention, and of which a remarkable example has been 
already mentioned in the case of the experiments performed by 
M. Le Terrier and myself before the Committees of the Institute 
and the Legislative Assembly at Paris, which were made with 
these instruments, and, as we have stated, dispatches were 
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sent along a thousand miles of wire, at the rate of nearly 20000 
words an hour. 

We shall now explain the means by which this extraordinary 
feat is accomplished. The despatch must pass through the fol- 
lowing preparatory process : — 

A narrow ribbon of paper is wound on a roller, and placed on 
an axis on which it is capable of turning so as to be regularly 
unrolled. This ribbon of paper is passed between rollers under a 
small punch, which striking upon it makes a small hole at its 
centre. This punch is worked by a simple mechanism so rapidly, 
that when it is allowed to operate wi&iout interruption on the 
paper passing before it, the holes it produces are so close together 
as to leave no unperforated space between them, and thus is 
produced a continuous perforated line. Means, however, are pro- 
vided by which the agent who superintends the process, can, by a 
touch of the finger, suspend the action of the punch on the paper, 
so as to allow a longer interval to elapse between its successive 
strokes upon the paper. Li this manner a succession of holes are 
perforated in the ribbon of paper, separated by unperforated 
spaces. The manipulator, by allowing the action of the punch to 
continue iminterrupted for two or more successive strokes, can 
make a linear perforation of greater or less length on the ribbon, 
and by suspending the action of the punch these linear perforations 
may be separated by unperforated spaces. 

Thus it is evident, that being provided with a preparatory 
apparatus of this kind, an expert agent will be able to produce on 
the ribbon of paper as it imrolls, a series of perforated dots and 
lines, and that these dots and lines may be made to correspond 
with those of the telegraphic alphabet already described. 

Let us imagine, then, the agent at the station of departure pre- 
paring to despatch a message. Preparatory to doing so, it will 
be necessary to inscribe it in the perforated telegraphic characters 
on the ribbon of paper just described. 

He places, for this purpose, before him the message in ordinary 
writing, and he transfers it to the ribbon in perforated characters 
by means of the punching apparatus. By practice he is enabled 
to execute this in less time than would be requisite for an expert 
compositor to set it up in common printing type. 

The punching apparatus for inscribing in perforated characters 
the dispatches on ribbons of paper is so arranged, that several 
agents may simultaneously write in this manner different mes- 
sages, so that the celerity with which the messages are inscribed 
on the perforated paper may be rendered conmiensurate with 
the rapidity of their transmission by merely multiplying the 
inscribing agents. 
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Let us now imagine the message thus completely inscribed on the 
perforated ribbon of paper. This ribbon is again rolled as at 
first upon a roller, and it is now placed on an axle attached to the 
machinery of the telegraph. 

The extremity of the perforated ribbon at which the message 
commences is now carried over a metallic roller, which is in con- 
nexion with the positive pole of the galvanic battery. It is 
pressed upon this roller, as represented in fig. 88, by a sn\all 

Fig. 88. 




metallic spring, terminating in points like the teeth of a comb, 
the breadth of which is less than that of the perforations in the 
paper. TMs metallic spring is connected with the conducting 
wire which passes from the station of departure to the stations of 
arrival. When the metallic spring fedls into the perforations of 
the ribbon of paper as the latter passes over the roller, the 
galvanic circuit is completed by the metallic contact of the spring 
with the roller ; but when those parts of the ribbon which are not 
perforated pass between the spring and the roller, the galvanic 
circuit is broken and the current is interrupted. 

A motion of rotation, the speed of which can be regulated at 
discretion, is imparted to the metallic roller by clockwork or other 
means, so that the ribbon of paper is made to pass rapidly between 
it and the metallic spring, and, as it passes, this metallic spring 
falls successively into the perforations on the paper. By this 
means the galvanic circuit is alternately completed and broken, 
and the current passes during intervals corresponding precisely to 
the perforations in the paper. In this manner the successive 
intervals of the transmission of the current are made to correspond 
precisely with the perforated characters expressive of the message, 
and the same succession of intervals of transmission and suspension 
will afiect the writing apparatus at the stations 6f arrival in the 
manner already described. 

214. ITow there is no limit to the speed with which this process 
can be executed, nor can there be an error, provided only that 
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the characters have been correctly marked on the perforated 
paper ; but this correctness is secured by the ribbon of perforated 
paper being examined after the perforation is completed and 
deliberately compared with the written message. Absolute 
accuracy and unlimited celerity are thus attained at the station 
of departure. To the celerity with which the dispatch can ^ be 
written at the station of arrival there is no other limit than the 
time which is necessary for the electric current to produce the 
decomposition of the chemical solution with which the prepared 
paper is saturated. 

215. It may bo asked then why this form of telegraph, affording 
as it does the means of obtaining a celerity of transmission so 
far exceeding any other that has been projected, has not been 
imiversaUy adopted ? 

To this it may be answered that the celerity here described can 
only be attained after the dispatch to be transmitted has been 
marked in the pierced telegraphic characters on the ribbon of 
paper, and that the process of so marking it would not be more 
rapid, however expert the operator might be, than that by which 
the same operator would transmit the same dispatch directly by 
the key commutator, either with this telegraph or those described 
in (191, 192). If, therefore, the time necessary to commit the 
dispatch in telegraphic characters to the perforated ribbon of 
paper, be included in the estimate of the time of its transmission 
from station to station, this form of telegraph is not only slower 
and consequently less efficient than either of those described in 
(191, 192), but it is slower than any other form of telegraph 
whatever. 

It must therefore be admitted, that, so long as the demands upon 
the conducting wires do not exceed their powers of transmission 
by the operation of the ordinary methods now commonly practised, 
the contrivance of Mr. Bain can present no very strong claims for 
preference over the other systems. But if the demands of the 
public should be greatly multiplied, as they certainly would be 
by lowering the tariff, then the method above described would be 
presented under different conditions, and might become the only 
expedient of all those hitherto contrived, by which such augmented 
demands could be satisfied. 

216. If for example the time should arrive when a much more 
considerable share of the demands now satisfied by the post-office 
should be transferred to the telegraph; if instead of short and 
unsatisfactory dispatches convejdng political and general intel- 
ligence to the journals, fully detailed circumstantial statements 
and reports were required ; if the same full reports of speeches 
and debates, on occasions of great public interest, or reports of any 
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proceedings or events of adequate importance, taking place at a 
distance, whicli are now transmitted through the post-office were 
required to be sent by telegraph, it is clear that the apparatus 
now in common use, of whatever form, would be utterly inadequate 
to the satisfaction of such demands. 

But how, it will be asked, would the system of Bain be more 
efficient? The answer is obvious. Nothing more would be 
necessary than to engage a greater number of persons for the 
purpose of committing the dispatches to the perforated ribbons. 
K a great number of dispatches, short or long, be brought at once 
into the telegraphic o&ce for transmission, let them be imme- 
diately distributed among a proportionate number of the persons 
engaged in the preparation of the ribbons. A long dispatch 
Tj^ight be divided into several portions, and distributed among 
several, just as a manuscript report intended for publication in a 
journal is distributed among several compositors. When the 
despatches thus distributed should be committed to the ribbons, 
these ribbons might be connected together so as to form longer 
continuous ribbons, which being put into the telegraphic instru- 
ments would be sent to their destination at the rate of 20000 
words an hour on each wire. 

A mercantiLe firm, or the correspondent of a journal might, if 
they were so minded, have their own punching apparatus and their 
own telegraphic cipher, and instead of sending to the telegraphic- 
office a manuscript dispatch they would send a ribbon of paper 
containing the dispatch marked upon it, which being put directly 
into the instrument would be instantly transmitted to its destina- 
tion. And this would be attended with the further advantage 
that the contents of the dispatch would be concealed from the 
agents themselves employed in its transmission. The party to 
whom the dispatch is addressed would in this case receive the 
sheet taken from the instrument written in the cipher of which he 
alone would possess the key. 

It often happens, especially in the business of government or that 
of journalism, that the same dispatch is required to be transmitted 
to many different places in different directions. By the system of 
Bain this would be easily accomplished. The same ribbon which 
sends the dispatch in one direction may be transferred imme- 
diately to another instrument acting upon another line of wire, 
or even remaining in the same instrument the transmission may 
be repeated, changing the direction by a commutator. 

If it were required no great difficulty would be presented by the 

process of perforating two or more ribbons at once with the same 

dispatch. The process would not be slower than that required 

for a single ribbon, and in that case the several ribbons might be 
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at the same time sent to different telegraphic stations, and their 
contents transmitted in various directions. 

In this view of the question, the system of Bain is to the com- 
mon telegraph what the steam-engine is to the horse, the power 
to the hand-loom, the lace-frame to the cushion, the self-acting 
mule to the distaff, or the stocking-&ame to the knitting-needle. 

217. A modification of the electro-chemical telegraph has been 
contrived, by which a dispatch may be transmitted to any distant 
station, and then delivered in the handwriting of the person who 
transmits it. 

By this method, a person at any station, as for example at 
London, may write a commxmication in characters used in common 
writing or printing on paper placed at another distant station, as 
for example at Trieste, and tiiis writing shall be traced on the 
paper with as much precision as if the person writing held the pen 
in his hand. 

"We may imagine that the electro-chemical pen placed on the 
paper at Trieste is extended to London, and there held and 
directed by the hand of the writer, for this it is which almost 
literally takes place. The conducting wire, in connection with 
that part of the electro-chemical pen which is held in the hand, 
which extends from Trieste to London, may be considered as only 
forming part of this pen, and the end of such pen at London, held 
and directed by the hand of the writer, will communicate a motion 
to its point at Trieste, in exact correspondence with the characters 
formed by the hand of the writer. 

Thus, if the writer at London move the extremity of the con- 
ducting wire so as to write a phrase or his usual autograph, the 
point at Trieste will there inscribe on the prepared paper the 
same phrase with the same signature annexed, and the writing of 
the phrase and the signature will be identical with that of the 
writer. 

In the same manner a profile or portrait, or any other outline 
drawing may be produced at a distance. The mefliods of accom- 
plishing this depend, like the other performances of electricity in 
this application of it, on the alternate transmission and suspension 
of the current, and on its decomposing power ; but as they are at 
present more matters of curiosity than of practical utility, we 
shall not detain the reader here with any more detailed notice 
of them. 

house's telegeaph. 

218. This apparatus, which is in extensive use in the United 
States, is an example of the class of printiag telegraphs, that is, 
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instrumeiits wMcli print in the ordinal^ letters tlie dispatch at 
the station tx) which it is addressed, hy means of a power worked 
at the station from which it is transmitted. In a certain sense, 
this is accomplished by the three forms of telegraph described in 
(202, 203, and 204) ; bnt in these cases the dispatch is printed 
or written in cipher, which is attended with the inconvenience of 
being understood only by those who possess, and are sufficiently 
familiar with the key. The process of deciphering it, and 
writing it in common characters, occupying more or less 
time, for some purposes, such for example as that of journalism, 
this time must be taken into account in estimating the 
practical celerity of communications, inasmuch as the dispatch 
until so interpreted, is not available to the parties to whom it is 
addressed. 

A telegraph which instead of impressing on paper characters in 
cipher, would impress the characters of common letter-press, even 
though these should be transmitted and impressed at a slower rate 
than that of the transmission of the characters in cipher, might 
nevertheless be, in effect, more expeditious, more time being 
saved by superseding the process of interpreting the cipher than 
is lost by the relative slowness of the transmission. 

It is evident that these observations, being general, are 
applicable, not only to the instrument we are now about to des- 
cribe, but to all others of the same class. 

219. House's printing telegraph, like all other telegraphic 
instruments, consists of two distinct parts, a commutating 
apparatus to govern the transmission of the current, and a 
printing apparatus upon which the current arriving from a 
distant station operates. 

The manner in which the transmission of the current is con- 
trolled by the keys of the finger-board, is substantially the same 
as in Froment's telegraph already described. The wheel, how- 
ever, that, produces by its revolution the pulsations of the current, 
is moved, not as in Froment's by clock-work, but by the foot of the 
operator, acting upon a treddle like that of a lathe which is seen 
under the case of the commutator in the &g. 89 (p. 81). 

The rotation of this wheel is arrested at the point corres- 
ponding to any desired letter, by putting down with the finger 
the key upon which that letter is engraved, in exactly the 
same manner and by the same mechanical expedient as in 
Fromeat's telegraph. 

The keys, upon the key-board of this instrument, govern by 

means of the pulsations of the current the motion and position of * 

a dial or wheel at a distant station, inscribed with similar 

characters in the same manner as has been already explained in 
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the case of tlie Frencli railway telegraplis, and in that of the 
telegraph explained in (201)7 ^ 

Let ns then suppose that by putting down any key, that 
inscribed with a for example at the station s, a certain dial or 
wheel at s', haying upon it letter^ corresponding with those of the 
key-board at s, is so moVed that the letter A is brought into a 
certain position. The letters upon this wheel are formed in relief 
like type, and when successively brought into the necessary 
position by the action of the current, having previously passed in 
contact with an inking apparatus, a band or ribbon of paper is 
pressed against them by means provided at the station s', and the 
impression of the letter is made upon the paper. By the next 
acdon of the current, the succeeding letter transmitted is brought 
to the same position, the ribbon of paper being meanwhile drawn 
forward, another impression takes place, and so on. 

The apparatus by which the ribbon of paper is moved, the type 
inked, and the paper pressed against it is not worked by the 
current. That process is effected by mechanism put in operation 
by the agent at the station at which the dispatch is received. 

In the figure, the ribbon of paper is represented at f, upon a 
roller from which it is gradually drawn, as letter by letter the 
words of the dispatch are impressed upon it. The black band 
which appears upon another roUer is an endless strap by which 
the types are inked. 

In the mechanism as well of the transmitting as of the 
receiving apparatus, there are many details showing much 
ingenuity of contrivance, and resources of invention, which, 
however, are too complicated to admit of any dear exposition 
mthout numerous plans and sections, and which we must 
pass over. 

The printing apparatus,, at the station at which the dispatch is 
received, is put in operation by the action upon the treddle, 
in the same manner as in the trcuismitting apparatus at the other 
station. 

The galvanic apparatus, which supplies the current for working 
this apparatus, is the battery of Grove, described in (34). About 
thirty cylindrical pairs are necessary for a distance of 100 
miles. 

The first line operating with this apparatus was established 
between New York and Philadelphia in 1849. 
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220. The Hognetio Telegraph Company, retaining the needle 
indicators generally used in England, have rejected the galvanio 
battery, and substituted the magneto-electnc for the voltaic 
current. The instruments they Iwre adopted are those which 




were patented by Messrs. Henley and Forster, with some modi- 
lications. 

This form of telegraph, enclosed in its case, is shown in fig. 91 
(p. 97), and divested of its case in fig. 90. 

The ourreat is produced by electro-magnets, whose poles are 
moved in close proximity with those of strong compound per- 
manent magnets. These latter are represented at A (fig. 90). At 
their poles a straight pieoe of soft iron is placed, by the indaotive 
influence of which the magnetism of the seversl bars composing 
the compound magnet is coUeoted and combined. The electro- 
magnets axe formed in the uaual wny, and are mounted oa 
centres on which they are turned by levers, which project &om 
either side of the case, so that the agent oan work one with 
each hand. When they have been pressed down by the hand 
they ore raised to their former position by springs which are 
fised on their aslo. 

When these levers are pressed down, the electro-magnets are 
reversed in the relation of their poles to those of the permanent 
magnets, and momentary cTurents are transmitted on the con- 
ducting wires, and when the levers are observed to rise t« their 
former position, momentary currents arc again transmitted, but 
in a. contrary direction. 

The currents thus transmitted on the line-wires are received at 
the station to which the dispatch is transmitted upon the coils of 
electro- magnets, which are placed under the desk upon which the 
indicating needles are placed, and they impait temporary 
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magnetism to these. These electro-magnets act upon a small 
permanent magnet suspended under the desk, on the axis of the 
indicating needle, and parallel to it. They deflect this needle on 
the one side or the other, at the moment they receive the 
magnetism from the current, and their deflection is continued hy 
the eflect of the induced magnetism produced by the permanent 
magnet on the electro-magnet. 

When the handle is raised, the momentary current being 
reproduced, but in the contrary direction, the polarity of the 
electro-magnet at the distant station is reversed, and the needle 
is deflected in the same manner to the other side. 



BEETT's PEINTING TELEaRAPH. 

221. Mr. Brett, who has obtained such well-merited celebrity by 
his successful exertions in establishing electric communication by 
submarine cables between the United Kingdom and the continent 
of Europe, and more recently between the continents of Europe 
and Africa, took out, conjointly with Mr. House, a patent for a 
printing telegraph, the original form of which is represented in 
fig. 92 (p. 113). 

The apparatus, like thatof House's American telegraph, already 
described, consists of a key-board, which is the transmitting 
apparatus or commutator, and does not differ in any important 
particular from that already described. The receiving and 
pointing apparatus is also very similar, and stands upon the key- 
board. In front of it is an indicating dial, the hand upon which 
points successively to the letters printed upon the scroll of paper 
by the apparatus behind the dial. The printing apparatus, with 
some modifications, is similar to that of House. 

This telegraph is, or was, lately exhibited at work in the 
Panopticon of Science, in Leicester Square. 

The Messrs. Brett are understood, however, to be engaged upon 
the construction of an instrument which is expected to attain the 
same objects in a more satisfactory manner. 

CELEEITY OF TRANSMISSION-. 

222. Although it be true that the signals made at any one 
telegraphic station are rendered instantaneously apparent at 
another, no matter how distant, it must not therefore be inferred 
that the transmission of messages by the telegraph is equally 
instantaneous. Not only is this not the case, but the celerity widi 
which messages are conveyed between station and station, so as to 
be rendered practically available for the purposes of intercommu- 
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nicatioiii differs yery mucli when one fonn of telegraphic instru- 
ment or one pair of operators is compared with another. 
^jDhe profitable result of the operation of any telegraph is 
evidently measured by the number of words which it is capable of 
transmitting in such a shape as to be intelligible by the party to 
whom the message is addressed, in a given time. This, which we 
shall call the celerity of transmission, and which is quite distinct 
from the velocity with which electric signals are conveyed from 
station to station, is therefore a most important element in the 
estimation of the value of any telegraphic apparatus. 

223. This celerity of transmission depends upon a great number 
of circumstances, several of which are independent of the tele- 
graphic apparatus. The principal of these are : — 

1. The skill and agility of the transmitting agent. 

2. The quickness of eye, activity and attention of the receiving 
agent. 

3. The instrument used for transmission. 

4. The instrument used for reception. 

5. The distance to which the dispatch is transmitted. 

6. The insulation more or less perfect of the line wires. 

7. The weather. 

With all and each of these conditions and qualities the celerity 
with which the dispatches are received and rendered available at 
their place of destination, varies, and with some of them this yaiia- 
tion extends to very wide limits. 

224. Different telegraphists have very different powers as to 
celerity. These powers depend on practice as well as upon 
natural ability and aptitude,* and on manual dexterity. Not only 
is it necessary to transmit the signals in quick succession, but to 
do so with such distinctness that they shall be readily interpreted, 
md such correctness as to render repetitions mmecessary. In 
this respect telegraphists having equal practice differ one from 
another as much as do clerks, some writing rapidly and legibly, 
some rapidly but ^ot legibly, some legibly but not rapidly, and 
some neither rapidly nor legibly. The relative ability of tele- 
graphists in this respect is partly mental and partly mechanical, 
depending as much upon quickness of intelligence, attention, and 
observation, as upon manual dexterity and address. 

The great liability to delay, arising from the failure of the 
transmitter to render himself understood by the receiver, is ren- 
dered manifest by the fact that in all telegraphs conventional 
signs are established for the words, "wait," "repeat," "not 
understood," "understood," "proceed," and the like. When 
the transmitter is going on faster than the receiver can take down 
the words or understand them, then the latter remits the sign to 
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'' wait," and if this sign is several times repeated, the necessily of 
proceeding slower is apparent. If the receiver mistakes a sen- 
tence, word, or letter, lie remits the sign to " repeat." At the 
end of each sentence, he remits the sign *^ understood," and so on. 
Now it will be easily conceived that this necessity for frequent 
interchange of signs between the receiver and transmitter must 
affect, in an important degree, the celerity of transmission, and 
that its frequency must depend, not only on the abilities of the 
telegraphic agents, but also on the character of the signs trans- 
mitted by the instruments, according as they are more or less 
obvious and unequivocal. 

225. It is a remarkable and very curious circumstance, that, 
independently of the mere celerity, clearness, and correctness 
of transmission with certain telegraphic instrumente each tele- 
graphist has a manner and character, which is so peculiar 
to himself, that persons receiving his dispateh at a distant 
station, recognise his personality with as much certainty and 
facility as they would recognise the handwriting of a corre- 
spondent, or the voice and utterance of a Mend or acquaintance, 
whom they might hear speak in an adjacent room. The agents 
habitually engaged at each of the telegraphic stations, in this 
way, soon become acquainted with those of all the other stetions 
on the same line, so that, at the commencement of a dispatch, 
they immediately know who is transmitting it. 

While the aptitude of the transmitter is partly manual or 
mechanical, that of the receiver of a dispatch is not at all so. In 
some telegraphic instrumente, as we have seen, the presence of a 
receiving agent is unnecessary, the dispateh being written or 
printed by the apparatus itself. In all instrumente, however, which 
merely exhibit arbitrary signals, expressing letters, numbers, 
or words, the celerity must depend on the skill, aptitude, and 
quickness of eye of the receiver, to cateh and commit to paper the 
succession of letters or words, as fast as the signals expressing 
them are produced before him. 

226. In general, it is much more easy to transmit rapidly than 
to receive rapidly. The transmitter knows beforehand what 
signs he is about to produce, while each of them comes upon the 
receiver altogether unawares, and if , in the celerity of their suc- 
cession, one or more of them escape his eye, he is obliged either to 
guess at the missed letter or letters, which he can sometimes do 
with all the requisite clearness and certainty, or he must arrest 
the transmitter, which he does by giving the sign, << repeat," 
and so delay arises. 

In telegraphs which work by a series of visible signs, whether 

they be deflections of the needle, as in the English instrumente, 
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attitudes of the arms, as in the French State instruments, or poin- 
ters directed to the letters or figures on a dial, as in the railway 
instruments, the celerity of thb transmission must be determined 
by the power of the less able of the two agents, the transmitter 
and receiver. If the transmitter be able to send the letters ^lore 
rapidly than the receiver can read and take them down, he must 
moderate his pace to the limit determined by the power of his cor- 
respondent. If the receiver be capable of reading and taking 
down faster than the transmitter is able to send the letters, his 
superior force is useless. He can only write the dispatcli as fast 
as he receives it. To send dispatches with the greatest advantage 
of celerity, the agents yoked to corresponding instruments ought 
to be selected of as nearly equal ability as possible, since the 
slower of a pair necessarily neutralises the superior skill of his 
fellow, and the dispatch would proceed with equal celerity if he 
were yoked with a less able correspondent. 

As quickness of hand is essential to the transmitter, quickness 
of eye is necessary to the receiver. 

227. In all forms of telegraph which express the letters by 
signals, such as the needle telegraph, and the French State tele- 
graph, a certain pause is necessary between letter and letter, to 
prevent the signals being confounded one with another. In the 
single needle instrument, the letters being expressed by from one 
to four deflections of the needle, and in the double needle, from 
one to two, the mean time of each letter is that of two and a half 
deflections in the one, and one and a half in the other, the intervals 
between letter and letter being the same in both. Owing to the 
slowness of transmission of the single needle instrument, it is 
only used between secondary stations, where there is but little 
business. It must, however, be remembered, in comparing the 
relative celerity of different instruments, that the double needle 
instrument, as well as the French State telegraph, is, in fact, two 
independent telegraphs, having not only separate and independent 
transmitting and indicating apparatus, with their respective 
accessories, batteries, &c., but separate and independent conduct- 
ing wires. It is, in effect, as if two equally powerful and inde- 
pendent steam engines were united in the same work, in order to 
obtain double power. 

228. In 1850, Mr. Walker made some calculations, with the 
view to determine the average celerity of transmission at that 
time with the double needle instrument in the hands of compe- 
tent operators, and published the results in his work on electric 

' telegraph manipulation. Eleven messages were timed, all of 
more lian the usual length, the shortest consisting of 73 and the 
longest of 364 words. The total number of words was 2638, and, 
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eonsequently, their average length, was 240 words. The total tiinc 
of transmission was 162 minutes, and, consequently, the average 
number of words transmitted, per minute, was 16|. The greatest 
speed of transmission was 20^, and the least 8| words per minute. 
As it might be considered probable that four or five years' general 
experience and practice might have improved the ability of the 
operators, I applied to the secretary of the Electric Telegraph Com- 
pany, Mr. Foudrinier, requesting him to cause a sufficient number 
of messages, transmitted in the ordinary course of business with 
the double needle instrument, to be timed, which he was so obliging 
as to do, in June, 1854, and the following were the results : — 

11 Messages. — ^Number of words in the addresses . . 84 
n ,, ,, messages . . . 160 

Total number of words transmitted . 244 

Total time of transmission • • . . .689 seconds. 
Average number of words transmitted per minute . .21^ 

It appears, therefore, that the average celerity of transmission 
with this instrument has increased in the ratio of about 16 to 21. 

The greatest celerity of transmission was, in this case, 24|, and 
the least 16| words per minute. 

229. The manner in which the magnetic electric current affects 
the needle in the arrangement adopted by the Magnetic Telegraph 
Company, being somewhat different from that produced in the com- 
mon needle instruments, worked by the-Electric Telegraph^Company , 
although the systems of telegraphic signals are not essentially dif- 
ferent, it appeared to me to be not impossible that the difference 
between the instruments might more or less affect the celerity of 
transmission. I therefore requested Mr. Bright, the Secretary of 
the Magnetic Company, to time a series of dispatches transmitted 
in the ordinary course of business. This was accordingly done on 
the 28th of June, 1854, and the following were the results : — 

74 Messages. Total number of words .... 2792 
Time of transmission • . . . 102™ 8» 



Average number of words per minute . . . 27 J 

The greatest celerity of transmission attained in this series of 
messages was 37J words per minute. 

The entire series consisted of messages transmitted from London 
to Liverpool, on a pair of double needle instruments, at different 
times of the day, and were carefully tabulated. In the series, several 
messages were included, the transmission of which was excep- 
tionally slow, owing either to the difficult nature of the communi- 
cations, consisting of long words in private cipher, or of the names 
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of foreign towns, or, in fine, from the inaccuracy or slowness of the 
transmitting clerk in London. It would seem, therefore, that this 
series of messages includes fair conditions for an average result. 

It would, therefore, appear that the needle instruments worked 
by the magneto-electric current used by this company are, ceteris 
paribus^ susceptible of greater celerity of transmission than the 
instruments in which the needles are affected by the common 
voltaic current, in the ratio of about 27 to 21, or 9 to 7. 

One of the causes which has been assigned to this increased 
efficiency, is the feust that the needles of the magnetic instruments 
have a dead heai, while those of the voltaic instruments, in strik- 
ing the stops, have a recoil, and vibrate two or three times before 
they come to rest. Whether this be the real cause of the differ- 
ence, further experience must prove, but it is difficult to imagine 
that it can be due to any cause independent of the instruments, 
seeing the large number of messages from which the average has 
been computed. 
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CHAPTER XI. 

■230. Illusti-ation of tie effidencTof the n«edle inetrnmenta. — 231. Rate 
of traDsmiBsion with the Pranch state talegnphs.— 232. Witii the 
French railway telegraphs. — 233, With the Mnrae telegraph. — 234. 
SiacreiAney of reports. — 235. Caiuea of its celerity. — 23ti. Bate with 
Bain's telegraph.— 23T. TranamlB^oa of music.— 238. Bate of 
transmiswon with Hoiiae's telegraph, — 239. DjatanceBometimes affects 
celerity.— 240. Bxamplea of distant transmissiomi m U. S.— 241. 
Advantages of imiform organlaation. — 242. Oeee of the electric tele- 
graph,— 243. Snbjeet of dispatches,— 244. Effect of the tariff.— 
245. Uses of the telegraph in railway business. — 246. Portable 
rulway telegraph. — 247. Practical oses on railways. — 24S. Itsecono- 
mical adTantages. 

230. Mr. Walker, -writiiig in 18d0, gives the following illustra- 
tioii of the efficiency which has beea ottained ia the working of the 
needle system, and in the management generally of the telegraphic 
business : — 

" The rate at which newspaper dispatches are transmitted from 
Dover to London, ia a good illustration of the perfect stat« to 
which the needle telegraph has attained, and of the apt manipu- 
lation of the officers in charge. The moil, which leaves Paria 
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about mid-day, conveys to England dispatches containing the 
latest news, wMch are intended to appear in the whole impre^on 
of the morning paper. To this end, it is intended that a copy be 
delivered to the editor in London about three o'clock in the morn- 
ing. The dispatches are given in charge to us at Dover soon 
after the arrival of the boat, which of course depends on the wind 
and the weather. The officer on duty at Dover, having first hastily 
glanced through the manuscript to see that all is clear to him and 
legible, calls 'London' and commences the transmission. The nature 
of these dispatches may be daily seen by reference to 'The 
Times.' The miscellaneous character of the intelligence therein 
contained, and the continual fresh names of persons and places, 
make them a fEiir sample for illustrating the capabilities of the 
electric telegraph as it now is. The clerk, who is all alone, 
placing the paper before him in a good light, and seated at the 
instrument, delivers the dispatch, letter by letter, and word by 
word, to his correspondent in London ; and although the eye is 
transferred rapidly from the manuscript copy to the telegraph 
instrument, and both hands are occupied at the latter, he very 
rarely has cause to pause in his progress, and as rarely also does 
he commit an error. And, on account of the extremely limited 
time within which the whole operation must be compressed, he is 
not able, like the printer, to correct his copy, 

"At London there are two clerks on duty, one to read the sig- 
nals as they come, and the other to write. They have previously 
axranged their books and papers : and, as soon as the signal for 
preparation is given, the writer sits before his manifold book, and 
the reader gives him distinctly word for word as it arrives; mean- 
while, a messenger has been dispatched for a cab, which now waits 
in readiness. When the dispatch is completed, the clerk who has 
received it reads through the manuscript of the other, in order to 
see that he has not misunderstood him in any word. The hours and 
minutes of commencing and ending are noted, and the copy being 
signed is sent under official seial to its destination, the manifold fac- 
simile being retained as our office copy, to authenticate verbatim 
what we have delivered. This copy and the original meet together 
at the chief telegraph office at Tunbridge, early in the day, and are 
compared. When the work is over, and the dispatches have 
reached their destination, the clerks count over the number of 
words and the number of minutes, and find the rate per minute." 

231. The signals adopted to express the letters in the French 
State telegraph being each made by a single motion of the arms, 
they necessarily are produced with greater celerity than the multi- 
plied defiexions of the needle-instruments. Like the double needle- 
instniment, the French telegraph is composed in fact of two 
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completely independent telegrapHo instruments, with two inde- 
pendent conducting wires, and its celerity of transmission is due 
to their combined powers. 

It is stated by the directors of the administration that the 
average transmitting powers of these telegraphs is nearly 200 
letters or signs per minute. 

232. The alphabetical telegraphs, of which the French railway 
telegraph may be taken as an example, are much slower in their 
rate of transmission. M. Bregjiet, who has constructed those 
worked in France, and superintended and directed their operation, 
says, that their average rate of transmission, when fairly worked, 
is about 40 letters per minute. 

233. The writing and printing telegraphs are independent of a 
receiving agent, the receiving apparatus in all these being 
automatic. All these instruments have an advantage over the 
English and French telegraphs, inasmuch as they employ only 
one conducting wire, and those who print the dispatch in the 
common letter-press characters, have the further advantage of 
being wholly independent of the skill of any agent to interpret or 
decipher them. 

The celerity of transmission attainable with the Morse telegraph, 
which of all the forms of telegraphic apparatus hitherto invented 
is the most extensively used, is very considerable, but varies 
perhaps still more than the needle-instruments, with the skill of 
the telegraphist. 

In this instrument, it will be remembered that the transmitting 
agent plays upon a key-commutator, the letters being severally 
expressed by repeated touches of the key succeeding each other, 
after longer or shorter intervals. At ike station receiving the 
dispatch, the armature of the electro-magnet moves simultaneously 
with the transmitting key, and at each of its motions towards the 
magnet, it produces a distinctly audible click. The receiving 
agent acquires by practice such expertness and quickness of ear, 
that by listening to this clicking he is able to interpret the 
dispatch, and to write it down or dictate ^t to a clerk without 
using the apparatus for impressing it upon the paper ribbon. 

Different telegraphists acquire this power of oral interpretation 
of the dispatches with different degrees of facility and precision ; 
but all are more or less masters of it. So much so, that in most 
cases on the American lines, it is by the clicking of the magnet 
that the messages are taken down, being afterwards corrected, if 
necessary, by comparison with the indented paper ribbon. 

The telegraphist is placed at a table, upon which the instrument 
stands, having before him the paper upon which the message is to 
be written, and at his left a provision of blacklead pencils ready 
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cut and pointed, usually half a dozen. When the transmission 
of the message commences, the electro-magnet dictates it to him, 
letter by letter, at the same time indenting it upon the paper 
ribbon. He writes it down, and, in general, it is delivered by 
the magnet as fast as he can write it, availing himself of all 
such abbreviations as are intelligible to those who may have to 
read it. As the points of the pencils are successively worn he lays 
them on the table at his right hand. A person engaged exclu- 
sively in that process, visits his table from time to time, repoints 
the pencils lying on his right, and replaces them on his left. This 
person passes roimd the telegraph office, from table to table, keep- 
ing up a constant supply of properly pointed pencils at the hand 
of each telegraphist. 

The most expert telegraphists are able to take down the mes- 
sages in this manner by ear, without any reference, to the ribbon, 
and so correctly that there is no need of subseq\ient verification. 
When the message is concluded, the sheet on which it is written is 
handed to another clerk, who is provided with a stock of envelopes, 
in one of which he encloses it ; and, writing the address upon it, 
delivers it to a messenger, who forwards it to the party to whom 
it is addressed. Meanwhile the paper ribbon, on which the 
message has been indented in the telegraph ciphers, is cut off, 
folded up, and preserved for reference. 

It is only, however, the most expert class of telegraphists that 
can operate in this way. Others, less able, are always obliged to 
verify and correct what they have taken down, by comparison 
with the indented ribbon, after the message has been concluded ; 
while others less able still, cannot trust themselves to take down 
by ear, and sit before the ribbon as it is discharged from the toller, 
writing out the message from it by eye. 

The salaries allowed to different agents vary according to the 
skill they attain in these operations. One who acquires the power 
of taking down rapidly and correctly hy ear wiU receive twice the 
amoimt allowed to him who can only take down hy eye, the latter 
being always much slower than the former. 

It often happens that the power of interpreting easily and 
correctly hy ear is very important, as in the case in which {he 
mechanism of the instrument for moving and indenting the paper 
may have been accidentally deranged and disabled, or in which 
the office may be deficient in its supply of paper ribbon. 

By the orsd method of reception the entire receiving apparatus, 
except the electro-magnet and its armature, is dispensed with. 

If a mistake is committed by the transmitting agent, in conse- 
quence of which a word or phrase is unintelligible, the receiving 
agent intercepts the current, and signifies that the word is to 
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be repeated, and at the same time tears off the erroneous part of 
the ribbon. This, however, is a circumstance of rare occurrence. 

When a very long dispatch is transmitted, and arrives with 
greater celerity than that with which an agent can transcribe it, 
the ribbon may be divided, and two agents put to work at once at 
its transcription. The reports of congress and public meetings 
transmitted to the journals, afford examples of this. 

These reports may be, by one operation, transmitted to all the 
towns upon the same telegraphic line. 

In some cases long dispatches, such as those addressed to the 
journals, are expedited by two or more instruments on different 
wires. The dispatch is, in this case, divided into two or more 
parts, marked 1, 2, 3, or A, b, c, &c., and these parts are simul- 
taneously transmitted to their destination, being reunited there 
after their arrival. This expedient, however, can only be resorted 
to where there are two or more line wires, which is a rare case in 
the United States. 

234. If the celerity of transmission of the Morse instrument be 
compared with that of the English and French telegraphs, it must 
not be forgotten that the latter require two wires, while the former 
requires but one. In the transmission and reception of a dispatch 
both, however, employ the same number of agents. 

There is great discrepancy in the reported estimates of the 
celerity of transmission of the Morse telegraphs, owing probably 
to the varying skill of the telegraphists on whose performance 
such estimates have been based. 

According to Mr. Tumbull, the average celerity of transmission 
of this telegraph is from 135 to 150 letters per minute. 

In a report made by Mr. O'Reilly, the director of one of tho 
most extensive of the New York Companies, it is stated that the 
average rate of transmission is from 20 to 23 worda per minute. 
Since it is generally estimated that the average length of tele- 
graphic words is five letters and a half, this would amount to 110 
to 127 letters per minute. 

Mr. O'Reilly adds, however, that a ** higher rate of transmission 
could be obtained, but as nearly all operators copy from their 
instruments, and reduce the messages to ordinary writing as they 
arrive, the rate of 20 to 23 words is considered rapid enough, as an 
expert operator can indent his Morse characters faster than most 
men can write the words they express with a pen or pencil." 

We may perhaps take 150 letters as a fair estimate of the rate 
of transmission, and it follows therefore that this telegraph is more 
rapid than the double needle-telegraph in the ratio of about 3 
to 2, and since the latter employs two wires with their accessories, 
while the former employs only one, it follows that the transmitting 
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power of each wire witli the Morse telegraph is three times as 
great as with the double needle instrument. 

235, The causes of this greater celerity are twofold : first, the 
greater celerity with which the ciphers are impressed upon the 
ribbon of paper, compared with that with which the visible signals 
are exhibited and succeed each other in the English and French 
telegraphs ; and secondly, the removal of those delays of trans- 
mission which arise from the want of attention or quickness of eye on 
the part of the agent receiving the dispatch, rendering it necessary 
to repeat words which have been missed or misunderstood. 

In the American offices of the Morse lines, it is stated in the 
published reports that "there are a number of attendants, each 
one of whom has his respective department ; they are divided into 
* copyists, book-keepers, battery-keepers, messengers, line inspec- 
tors, and repairers.' The usual charge of transmission is 25 cts., 
equal to a shilling, for ten words exclusive of the address and the 
signature sent 100 miles : the messages vary in price from 10 cts., 
or 5d.y to 100 dels., or 20/. The amount of business which a 
well-conducted office can perform, and the net proceeds arising 
therefrom, may well excite surprise ; a single office in that country, 
with two wires, one 500, the other 200 miles in length, after 
spending three hours in the transmission of public news, tele- 
graphed, in a single day, 450 private messages, averaging 25 
words each, besides the address and signature, sixty of which 
were sent in rotation, without a word of repetition." 

236. All that has been said above relating to Morse's telegraph 
may mutatis mutandis be applied to other telegraphic instruments, 
which write in cipher the dispatches by self-acting machinery, 
such as those described in 191, 192, and 193. 

When dispatches are transmitted by means of a key-commu- 
tator, with Bain's telegraph, the operation being precisely similar 
to that of Morse, the celerity of transmission by operators of equal 
skill ought to be the same. Nevertheless, as tiiese instruments of 
Bain's, with some modifications, are at present used on certain 
lines by the Electric Telegraph Company, Mr. Foudrinier has, 
at my request, caused a series of messages to be timed, of which 
the following is the summary of the results : — 

63 Messages. — Total niunber of words in the addresses . 456 
,, „ „ messages . . 991 



Total number of words transmitted . 1447 



Total time of transmission 4454 seconds. 

Average number of words transmitted per minute . .194 

It appears, therefore, that as this telegraph is worked in 
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England, its rate of transmission is slower than the double needle 
telegraph. 

The advantage which attends its use is that it writes the 
dispatch in cipher, which is preserved in the telegraphic office, so 
that the labour of a clerk to copy the dispatch for reference is saved. 

It would follow from the comparison of this result with the 
reports of the American telegraph, that the operators with Bain's 
system in England are not as expert as those of Morse's in 
America. But when the method of transmitting by a pre- 
viously-prepared perforated ribbon, described in 194, is resorted 
to, the apparatus is rendered absolutely automatic, no agency 
being required either in the transmission or reception, save that 
required for the perforation of the transmitting ribbon, and the 
interpretation and transcription of the dispatch delivered in the 
telegraphic cipher. 

Whatever may be thought of the practical difficulties which tit 
present obstruct the application of this method of rapid telegraphic 
transmission, we cannot help thinking that it has before it a great 
future, and that when, like the steam-engine as improved by 
Watt, and the power-loom, it shall have had time to attain a 
greater degree of practical perfection, and to surmount prejudice 
and the opposing influence of counter-interests, it may be the 
means of ^nsferring, to the telegraph, a large part of that 
business now done by the post-office. 

237. It is an amusing fact, that music has actually been trans- 
mitted in this way by means of its rhythm. The following is 
related by an eye-witness of the experiment at New York : — 

« We were in the Hanover Street office when there was a pause 
in business operations. Mr. W. Porter, of the office at Boston, 
asked what tune we would have. We replied * Yankee Doodle,' 
and to our surprise he immediately complied with our request. 
The instrument commenced drumming the notes of the tune as 
perfectly and distinctly as a skilful drummer could have made 
them at the head of a regiment ; and many wiU be astonished to 
hear that * Yankee Doodle ' can travel by lightning. We then 
asked for < Hall, Columbia ! ' when the notes of that national air were 
distinctly beat off. We then asked for * Auld lang syne,' which was 
given, and *01d Dan Tucker,' when Mr. Porter also sent that tune, 
and, if possible, in a more perfect manner than the others. So 
perfectly and distinctly were the sounds of the tunes transmitted, 
that good instrumental performers could have had no difficulty in 
keeping time with the instruments at this end of the wires." * 

That a pianist in London should execute a fantasia at Paris, 

* Chambers* B Papers for th« People, vol. ix. No. 71. 
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Brussels, Berlin, and Vienna, at the same moment and with the 
same spirit, expression, and precision as if the instruments, at 
these distant places, were under his fingers, is not only within 
the limits of practicability, but really presents no other difficulty 
than may arise from the expense of the performances. From what 
has been just stated, it is clear that the time of music has been 
already transmitted, and the production of the sounds does not 
offer any more difficulty than the printing of the letters of a 
dispatch. 

238. A great celerity of transmission is claimed for the printing 
telegraph of House, so great, that if the claim be well founded, it 
is a matter of surprise that it has not superseded the Morse tele- 
graph in the United States, where competition is so sharp and 
action so free. According to Mr. Tumbull, who ought to be con- 
sidered an impartial assessor, at least between inventors who are 
bath American, the ordinary rate of transmission of the improved 
House instrument is from 30 to 35 words, printed in full, per 
minute, which would be from 165 to 200 letters. He adds, that 
business-messages are sent at the rate of 200 to 250 letters per 
minute, and that in one case 365 letters, transmitted from 
New York, have been printed at Utica, distant 240 miles, in 
one minute. 

In a written estimate supplied by the directors of the House lines 
to Mr. Jones,* it is also stated that, accidents apart, the average 
number of words transmitted on a single wire per minute and 
printed in full by the telegraph at their place of destination, is 
from thirty to thirty-five ; but when as in newspapers abbrevia- 
tions are allowed, the rate is fifty. It is stated for example that 
the proceedings of the democratic state convention in the autumn of 
1850, containing 7000 words, were transmitted from Syracuse to 
Buffalo in two hours and ten minutes, being at the rate of 54 
words per minute. It is evident that in this telegraph, like 
others, much depends on the ability of the telegraphist, for it is 
stated that one telegraphist on the line has transmitted 365 letters 
in a minute, being at the rate of six per second. 

When it is -considered that this telegraph delivers its messages 
printed in the ordinary Roman characters, while all the others 
in practical operation deliver them either in visible signs or written 
ciphers, which must be interpreted and taken down in ordinary 
writing before they can serve any useful purpose, the vast 
superiority of this system of House must be conspicuously 
manifest, supposing of course that the reports and estimates above 
produced are verified by the actual performance of the instrument. 

* Jones. Elec. Tel., New York, 1862, p. 112. 
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239. Although the distance to which the dispatch has to be 
sent cannot be said directly to affect the celerity of transmission, 
there are circumstances nevertheless which in practice render the 
transmission to great, slower than to lesser distances. In Europe, 
for example, stations separated by great distances, are generally 
in different countries, and the telegraphic line which connects 
them often passes through several different states in which 
different telegraphic systems are used, and where it is not practi- 
cable to put the wires proceeding from one direction in immediate 
connection with those which proceed in another. In such cases 
the messages which arrive must be taken down and retransmitted 
in the direction in which they are intended to be forwarded, and 
on this account alone, the time of transmission is augmented, at 
least in the ratio of the number of such repetitions which are 
necessary. But besides this, it rarely happens that a message 
on arriving at such intermediate station can be at once for- 
warded. It must wait its turn unless the wires happen to be 
unoccupied. 

And even though it may be practicable to establish a direct 
communication between two distant stations by putting the wires 
in immediate connection, more or less delay mu|t necessarily take 
place. The telegraphist who transmits, must first send a message 
along the line to all the intermediate stations to require the wires 
to be united for direct communication. At these intermediate 
stations, the wires may be employed, and the message must wait 
until they are free. 

Thus, although it be true that so far as the electric fluid and the 
apparatus by which it is transmitted are concerned, they are 
capable of sending a message from pole to pole in an inappreciable 
interval, yet the machinery of telegraphy as practically constructed 
presents causes of delay which prevent in many cases this vast 
celerity from being called into action. 

Until very recently, a message transmitted from Milan to Paris, 
being necessarily sent round by Trieste, Vienna, Berlin, and Brussels, 
was more than twenty-four hours in reaching its destination. 

Besides these causes of delay, there are, however, others. It 
has been stated that the intensity of the current is diminished, 
ceteris parihusy as the distance is augmented. When transmission 
therefore to gteat distances is required, various expedients, at 
intermediate stations, such as relay batteries or relay magnets, or 
both, are required, and notice must be given to apply these even 
when they are provided. 

The chances of interruption by reason of defective insulation or 
accidents to the wires, are also increased in proportion to the 
distance. 
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240. As may be naturally expected, the most frequent examples 
of direct tele^praphic communication to great distances are supplied 
by the United States. 

On the lines of the O'Reilly Company of New York,* messages, 
are daily transmitted without any intermediate repetition to a 
distance of 1100 miles, that is from New York to Louisville in 
Kentucky. 

"To do this, it is found necessary to place two batteries in the 
circuit at a distance of 400 miles apart, for the purpose of renewing^ 
the electric current, part of which escapes from defective insula- 
tion and atmospheric causes. There is no doubt but that, in 
a more advanced stage of telegraphing — ^which may be but a 
short time hence — ^New Orleans and New York will be placed in 
instantaneous communication with each other. To enable this t& 
take place, requires, in the first place, a line substantially built 
and thoroughly insulated. It may be remarked, that it is but 
two years since, when to telegraph 300 miles on a single or 
unbroken circuit, was considered a feat ; now, from improvements, 
made since then in telegraphs, we can send over 1100 miles 
easier than we could 300 at that time. In our Cincinnati office^ 
two years ago, an^until very lately, they used a separate battery 
for each line. From a series of experiments made, one single 
battery, of no greater strength than those formerly used, now 
works eight distinct and separate lines, with no apparent diminu- 
tion of strength, and at a great saving of expense to the 

office." t 

A report of the directors of the New York Bain lines state* 
that messages are transmitted by them, without being rewritten, 
from New York to Buffalo, a distance of 500 miles. This is done 
without any intermediate relay batteries or magnets. 

The directors of the Morse lines at New York report that their 
telegraph messages have in some cases been actually transmitted 
without intermediate repetition to a distance of 1500 nules. 

241. The promptitude with which dispatches are expedited, and 
the celerity with which they are transmitted, will be greatly 
promoted in all cases by an imiform system and organisation 
being established xipon the lines over which they are transmitted. 
No greater cause of delay can exist than tiiat which arises 
from diversity of telegraphic instruments and language. Much 

* The American Telegraph Companies are subject to such constant 
changes, that it may be necessary to state here, once for all, that the 
names and denominations to which we refer are those which were current 
in 1853-4, but which may be changed before these sheets come into the 
hands of the reader. 

+ Report of Mr. O'ReiUy. Jones's El. Tel., p. 101. 
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inconvenience, expense, and delay also arise even in cases where 
similar instruments and ciphers are used, from a want of 
uniformity in the various parts of the apparatus, and in the 
systems of abridgments which are adopted in the language. 
Where the instruments and the parts of apparatus have been 
constructed of varying patterns and sizes, they cannot be readily 
replaced in cases of wearing out or accidental fracture. By the 
adoption of one uniform size and pattern, depots of all the parts 
may be provided, from which any station which may be stopped 
by an accident can be immediately supplied with the part or parts 
which require to be replaced. Anotiier advantage incidental to 
such uniformity is greater economy in the maintenance of the 
apparatus and Hues. 

Impressed with these considerations, a large majority of the 
American telegraph companies have formed themselves into a con- 
federation, which meets annually at "Washington, and which is 
permanently represented there by a permanent committee and 
secretary. 

This body has published reports containing many important and 
interesting statistical facts, and has adopted measures with a view 
to the establishment of a central depot for the supply of all articles 
necessary for the maintenance of the lines and stations, of good 
quality and at fair prices. The secretary of the convention, Mr. J. 
P. Shaffiier, has commenced the publication of a monthly periodical 
devoted to subjects directly and indirectly connected with electric 
telegraphs ; and as not less than nine-tenths of all the American 
lines, as well as those of contiguous states, are worked with 
Morse's instrument, it is proposed to reduce it as speedily as pos- 
sible to one uniform pattern, so that its parts, as well as those of 
the batteries, may be always ready to be supplied in cases of failure 
or breakage, the like parts fitting indifferently all instruments and 
all apparatus. 

The batteries invariably used by the American telegraphs are 
those of Grove, each element of which consists of a cup of unglazed 
earthenware, placed in a glass tumbler of equal height and greater 
diameter. A zinc cylinder is let down between the glass and the 
earthenware cup, and a platinum cylinder is let down into the 
earthenware cup. The space between the cups is then filled with 
acidulated water, and the earthenware cup is filled with pure 
nitric acid. 

Such being the batteries, the articles of consumption in the 
working of the telegraphs are enumerated as follows by the 
secretary of the convention: — ^Nitric and sulphuric acids, zinc, 
quicksilver (for amalgamating the zinc, &c.), skeleton forms for 
messages, ink, envelopes, pencils, and pens. 
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From statistical data collected by the secretary, it was found 
that in 1853 the annual consumption and cost of these materials 
was as foUows :— 



Nitric acid . 

Sulphuric acid 

Zinc cylinders 

]Mercury 

Forms for messages 

Envelopes 

Pens . 

Pencils . 



Quantities. 



1996801b. 
50000 lb. 
16600 lb. 
8000 lb. 
10,000000 
6,000000 
576000 
50000 



Cost. 



£1105 
500 
400 
600 
5000 
2680 
720 
500 



These returns, including only the results of the lines worked by 
the Morse instruments, about nine-tenths of the whole, would 
require to be increased by a ninth to obtain the total consumption. 

It appears, therefore, that on the lines of the United States, 
the number of telegraphic messages transmitted in 1853 exceeded 

ELEVEN MILLIOlfs! 
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242. To form an estimate of the uses to which the electric 
telegraph subserves, it would be necessary to obtain a report of 
the subjects of the messages classified, with the relative number 
of each class, which are transmitted from and received by the 
chief telegraphic stations. Although we have not been able to 
procure to any great extent such data, some notion may be collected 
as to the way in which this new social, commercial, and political 
agent is employed, from such scattered statements and notices as 
we have been enabled to collect from various sources. 

It appears that the prevailing subjects of the dispatches 
vary according to the station from or to which they are sent. 
Thus, as might naturally be expected, in large commercial marts, 
such as Liverpool and Glasgow, they are chiefly engrossed by 
messages of mercantile firms and business. Their prevailing 
subjects also vary much with the season of the year. Thus, in 
summer, the messages of tradesmen are greatly multiplied in con- 
sequence of the number transmitted by dealers in perishable 
articles, such as fish, fruit, &c., which must be supplied in 
regulated quantities with the greatest promptitude. 

We have obtained from the manager of the English and 
Irish magnetic telegraph company, the following classification of 
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nearly 5000 dispatclies which passed through the Liverpool office 
in the early part of the present year, 1854. ' 

General merchants 1954 

Stock and share transactions . . . . 1441 

Ship insurers, brokers, &c 339 

Banking messages 815^ 

Com dealers 272 

Betting 233 



Personal and domestic 

General brokers 

Tradesmen 

Cotton brokers, &c. 

Law 

Political 



201 

117 

50 

34 

31 

6 



4993 



243. Mr. "Walker gives the following list of the subjects of 
dispatches sent through the office of the Electric Telegraph 
Company, as a specimen of the uses which the public make of this 
mode of communication. 



Accidents i 


Customs 


Markets 


Post-horses, &c. 


Announcements 


Deaths 


Medical aid 


Reporters 


Appointments ! 


Departures 


Meteorology 


Remittances 


Arrivals 


Dispatches 


Missing trains 


Respite 


Arrests 


Elections 


Murders 


Robberies 


Bankers 


Elopements 


News 


Royal movements 


Beds 


Expresses 


Nurses 


Sentences 


Bills 


Funds and Shares 


Orders 


Shipping news 


Births 


Government 


Passengers 


Ship-stores 


Commotions 


Health 


Payments 


Turf 


Counsel 


Hotels 


Police 


Witnesses 


Couriers 


Judgments 


Political 


Wrecks 


Corps 


Lost luggage 







It is obvious that the uses, whether personal or commercial, of 
the telegraph, are restricted by the tariff, and by the necessity of 
disclosing the contents of the dispatches to the telegraph agents. 
In England, the latter obstacle may in some cases be surmounted 
by the use of a cipher. The cipher must, however, always consist 
of a transposition of the letters, since the telegraphic signs only 
express letters, and besides this, it can never be used on sudden 
emergencies, inasmuch as it supposes a previous concert between 
the corresponding parties. 

244. The obstacle to the extension of the uses of the telegraph, 
created by the tariff, has been of late greatly lessened by the 
considerable reduction of the prices of transmission, and it may be 
hoped that ere long the companies and the public will discover 
that the interest of the one and the convenience of the other will 
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be best promoted by a still further reduction of price, and a still 
larger use of this mode of intercommimication. 

It is probable and desirable that something approacbing to the 
uniform postage system may eventually be realised in the telegraph. 
Already a certain step towards such a system has been made, since 
for a iixed sum messages of a prescribed length can be transmitted 
to all distances exceeding a certain limit. 

In the absence of exact statistical reports of telegraphic 
business, it may not be uninteresting to give some examples of 
the uses of this mode of communication. 

245. In the management of railway business in all countries, 
but more especially upon our own ever crowded and over- worked 
lines, the telegraph has become an indispensable accessory, without 
which this mode of locomotion would be deprived not only of its 
efficiency but its safety. Consequently the railways in most 
countries have been provided with lines of telegraph expressly and 
exclusively for their own use, independently of those which are 
appropriated to the public service; and on the continent such 
telegraphs are usually alphabetic, that is, such as convey their 
messages by pointers, which are successively directed to the letters 
of the words, so that any of the railway officials who can read, 
may be able to interpret a message which arrives, or to transmit 
one to a distant station. 

To illustrate the vast utility of the telegraph to the railway, 
Mr. Walker states that on the lines of the South Eastern Company, 
in the space of three months, upwards of 4000 messages have been 
occasionally transmitted, being at the average rate of nearly 50 per 
day. He gives the following as a rough classification of their 
subjects — 

Messages. 

1. Concerning ordinary trains 1468 

2. ,, Special trains 429 

3. ,, Carriages, trucks, goods, sheets, &c. 795 

4. ,, Company's servants .... 607 

5. ,, Engines 150 

6. ,, Miscellaneous matters . . .162 

7. ,, Messages forwarded to other stations . 499 

Total . . . 4110 

246. It has been already stated that portable telegraphs are pro- 
vided in some parts of the continent, and in France in particidar, 
with which the conductors are provided. Such telegraphs have 
also'been contrived in this country, but we are not aware of their 
practical adoption. By these the conductor of a train can, whenever 
the train is stopped between stations, whether from accident or other 
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cause, give immediate notice to the preceding and succeeding sta- 
tions, so as to prevent a collision by a following train overtaking 
that wluch is accidentally stopped, op if necessary he can call for an 
engine to carry on the train, or any other aid that may be required. 

247. Notices of the passing, starting, and arrival of twdns are 
however transmitted from station to station, quite independent of 
any accidents that may arise, so that all the station-masters, so 
far as relates to the movement upon the line, are endowed with a 
sort of omnipresence ; so conscious are they of the possession of 
this power and its value, that their language is that of persons 
who actually see what is going on at vast distances from them. 
Thus, as Mr. "Walker observes, they are in the commonjbabit of 
saying — "I just saw the train pass such or such a station," fifty 
miles distant perhaps, when in reality all he saw was the deflec- 
tion of the needle of their telegraph. 

** If trains are late, the cause is known ; if they are in distress, 
help is soon at hand : if they are heavy, and progress but slowly, 
they ask and have more locomotive power either sent to them 
or prepared against their arrival ; if there is anything unusual on 
the line they are forewarned of it, and so forearmed ; if overdue, 
the old plan of sending an engine to look after them has become 
obsolete — a few deflections of the needle obtain all the information 
that is required." * 

The utility of special trains is well known. News of the utmost 
importance, or a government courier bearing dispatches of the 
greatest urgency arrives at one of our ports and demands a train 
instantly to convey him tp London. Now in such cases it does 
not often happen that a disposable engine is found at the station 
where the demand is presented ; but the telegraph sends a dis- 
patch along the line, calling one from the nearest station at 
which one can be found, and when the engine has been 
obtained the special cannot start with safety unless the line is 
cleared for it. 

The telegraph again interposes its aid, and sends a notice along 
the line of the moment of starting, from which, combined with 
the known speed of the train, the exact moment when it will pass 
every station upon the line is known, and of course the line is 
cleared for it, and all danger of collision removed. How frequent 
are the occasions for appealing to the telegraph for this aid 
without which special trains would not only be less rapid, but 
infinitely less safe, as well for themselves as others, may be seen 
by reference to the analysis of dispatches we have given above, 
from which it appears that in three months, upon the South- 

* Walker, p. S4. 
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Eastern lines, there were not less than 429 messages respecting 
special trains, that is at the rate of about five per day. 

248. In the general management of the traffic upon an active 
line of railway, an incalculable amoimt of capital and current 
expenditure is saved by the telegraph. Without it rolling stock 
would require to be provided in much greater quantity, and a far 
greater improfitable wear and tear by useless trips, of what in 
railway language are called "empties," would take place. By 
the telegraph, as we have stated, each station-master is ubiquitous 
so for as the line is concerned. He knows where carriages, 
waggons, trucks, sheets, and engines are to be found, and how 
many of them, and he calls by the telegraph so many, and no 
more than he wants, and at the time he wants them, from the 
nearest or most convenient station where they are to be obtained. 

Before the establishment of the telegraph, some of these objects 
were imperfectly attained by means of pilot engines, that is engines 
taking no vehicle, which habitually run along the line to carry 
messages from station to station. As an evidence of the immense 
saving effected by the telegraph in the practical working of rail- 
ways, Mr. Walker states, that the cost of maintaining and working 
a single one of those pilot engines, (all of which have been super- 
seded by the telegraph,) amounted to a greater sum than is now 
required to defray the expense of the entire staff of telegraph 
clerks, and the mechanics and labourers employed in cleaning and 
repairing the instruments and maintaining the integrity of the 
line wires. 
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CHAPTEE XII. 

S49. FreTenlion of MoAtats. — 250. Ita usee in the deUction of crime. — 
251. Personal »nd domesUc mesaageB.— 252. Electric newg-rooms. — 
233. Telegraph exteosivelj used in the United Slates.— 254. Much 
used for commerce. — 265. Snms paid for telegraphic despatchea by 
mercantile firms.— 256. EitenBivelj nsed by American newspapen. — 
257. Illustration of the utility fur political porpoaes. — 258. Illustra- 
tions of its domeatjc and general use. — 259. Secrecy of despatches not 
generally Bought for.— 260. Verbal ciphers of mercantile firms.— 261. 
Ciphers for newspaper repoita. — 262. Association of New Turk 
journals.— 263. Spirited enterprise of New York "Herald." — 26J. 
Use of electric telegraph in determining longitudes. — 265. In pro- 
ducing horotogical naiformitj. 

249. Ahono the serious lailwa.^ accidents wliioli niiglit liaTe 
been, or iictuiUly were prevented by the telegraph, the following 
have been mentioned : — 

In a storm, the wind Mew a. first-olasa railway eaniage, which 
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stood in an open shed at a second-class station, and putting 
it in motion upon a very level line, sent it flying with accelcs 
rated speed to the terminal station, ^o telegraph at that time 
existed to warn either the intermediate or terminal stations of 
the event and the approaching danger. The vehicle was 
actually blown over twenty-one lines of railway, hut the trip 
it thus took occurring fortunately at an hour of the night when 
little business was going on, it came to rest without any cala- 
mitous result. 

Mr. "Walker mentions the following : — 

** On New Year's Day, 1850, a catastrophe, which it is fearful to 
contemplate, was averted by the aid of the telegraph. A collision 
had occurred to an empty train at Gravesend ; and the driver 
having leaped from his engine, the latter started alone at full speed 
to London. Notice was immediately given by telegraph to London 
and other stations ; and while the line was kept clear, an engine 
and other arrangements were prepared as a buttress to receive the 
runaway. The superintendent of the railway also started down 
the line on an engine ; and on passing the runaway, he reversed 
his engine and had it transferred at the next crossing to the up- 
line, so as to be in the rear of the fugitive ; he then started in 
chase, and on overtaking the other, he ran into it at speed, and 
the driver of his engine took possession of the fugitive, and all 
danger was at an end. Twelve stations were passed in safety : it 
passed Woolwich at fifteen miles an hour : it was within a couple 
of miles of London before it was arrested. Had its approach heen 
unknown, the mere money value of the damage it would have 
caused might have equalled the cost of the whole line of 
telegraphs. They have thus paid, or in a large part paid, for 
their erection. 

" As a contrast to this, an engine, some months previously, 
started from New Cross toward London. The Brighton Com- 
pany have no telegraphs; and its approach could not be 
made known. Providentially, the arrival platform was clear; 
it ran in, carrying the fixed buffer before it, and knocked 
down, with fidghtfol violence, the wall of the parcels 
office." 

250. Among the general uses of the telegraph to the public, 
many examples of the detection of crime are mentioned. It is 
generally known that the notorious Tawell, after the commission 
of the murder, started for London from Slough, by the Great 
Western Railway. Notice of the crime, and a description of his 
person, however, flew with the speed of light along the wires 
and arrived at Paddington so much earlier than the mur- 
derer himself, that upon his arrival he was recognised, tracked 
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from place to place, finally apprehended, tried, conAioted, and 
executed. 

One night at ten o'clock, the chief cashier of the bank received 
a notice from Liverpool, by electric telegraph, to stop certain 
notes. The next morning the descriptions were placed npon a 
card and given to the proper officer, to watch that no person 
exchanged them for gold. "Within ten minutes they were pre- 
sented at the counter by an apparent foreigner, who pretended not 
to speak a word of English. A clerk in the 'office who spoke 
German interrogated him, when he declared that he had received 
them on the Exchange at Antwerp six weeks before. Upon 
reference to the books, however, it appeared that the notes had 
only been issued from the bank about fourteen days, and therefore 
he was at once detected as the utterer of a falsehood. The terrible 
Forrester was sent for, who forthwith locked him up, and the 
notes were detained. A letter was at once written to Liverpool, 
and the real owner of the notes came up to town on Monday 
morning. He stated that he was about to sail for America, and 
that whilst at an hotel he had exhibited the notes. The person 
in custody advised him to stow the valuables in his portmanteau, 
as Liverpool was a very dangerous place for a man to walk about 
with so much money in his pocket. The owner of the property 
had no sooner left the house than his adviser broke open the 
portmanteau and stole the property. The thief was taken to the 
Mansion-House, and could not make any defence. The sessions were 
then going on at the Old Bailey. Though no one who attends that 
court can doubt that impartial justice and leniency are adminis- 
tered to the prisoners, yet there is no one who does not marvel at 
the truly railway-speed with which the trials are conducted. By 
a little after ten the next morning — such was the speed — not only 
was a true bill found, but the trial by petty-jury was concluded, 
and the thief sentenced to expiate his offence by. ten years' exile 
from his native country. 

I take the following illustration of this from a recent article on 
the subject which appeared in the " Quarterly Review." 

The following is extracted from the telegraph book preserved 
at the Paddington station : — 

"Paddington, 10.20 a.m. — * Mail train just started. It contains 
three thieves, named Sparrow, Burrell, and Spurgeon, in the first 
compartment of the fourth first-class carriage.' 

" Slough, 10.48 A.M. — ^Mail train arrived. The officers have 
cautioned the three thieves,^ 

" Paddington, 10.50 a.m. — * Special train just left. It contained 
two thieves : one named Oliver Martin, who is dressed in black, 
crape on his hat : the other named Fiddler Dick, in black trousers 
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and light blouse. Botli in the third compartment of the first 
second-class carriage." 

"Slough, 11.16 A.M. — ' Special train arrived. Officers have 
taken the two thieves into custody, a lady having lost her 
bag, containing a purse with two sovereigns and some silver 
in it; one of the sovereigns was sworn to by the lady as 
having been her property. It was found in Fiddler Dick's 
watch-fob.' 

" It appears that, on the arrival of the train, a policeman opened 
the door of the 'third compartment of the first second-class 
carriage,' and asked the passengers if they had missed anything ? 
A search in pockets and bags accordingly ensued, Tintil one lady 
called out that her purse was gone. *. Fiddler Dick, you are 
wanted,' was the immediate demand of the police-officer beckoning 
to the cidprit, who came out of the carriage thunderstruck at 
the discovery, and gave himself up, together with the booty, 
with the air of a completely beaten man. The effect of the 
capture so cleverly brought about is thus spoken of in the telegraph 
book : — 

" Slough, 11.51 A.M. — * Several of the suspected persons who 
came by the various down-trains are lurking about Slough, 
uttering bitter invectives against the telegraph. 2^ot one of those 
cautioned has ventured to proceed to the Montem.' 

" Ever after this the light-fingered gentry avoided the 
railway and the too intelligent companion that ran beside it, 
and betook themselves again to the road — a retrograde step, 
to which on all great pubHo occasions they continue to 
adhere." * 

251. One of the consequences of the high price of transmission 
is that personal and domestic messages are most generally confined 
to cases of urgency, and often of distress, painful or ludicrous, as 
the case may be. Persons in easy circumstances, it is true, often 
resort to the telegraph to gratify a caprice or to obtain some 
object of gratification for which they are impatient. The mixture 
of subjects which the agents in rapid succession read from the 
needles, is most curious. " We have," says Mr. "Walker, " ordered 
a turbot, and also a cofiin ; a dinner, and a physician ; a monthly 
nurse, and a shooting-jacket ; a special engine, and a chain-cable ; 
an officer's uniform, and some Wenhara-lake ice ; a clergyman, 
and a counsellor's wig ; a royal standard, and a hamper of wine ; 
and so on. Passing over the black leather bag which some one 
every day appears to leave in some train, passengers have recovered 
l^ffgage of most miscellaneous character by means of the telegraph. 

* Quarterly Review, No. CLXXXIX., p. 129. 
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In the trains have heen left a pair of spectacles, and a pig ; an 
umbrella, and Layardi's Nineveh ; a purse, and a barrel of oysters ; 
a great-coat, and a baby ; and boxes and trunks, et id genus 
omne, without number." 

252. Independently of the direct use made of the electric 
telegraph by the general public, for the transmission of 
priyate despatches, the several companies have established, 
in various principal places, news rooms, where intelligence is 
from hour to hour posted, as it arrives from all parts of the 
world. 

The Electric Telegraph Company, soon after its establishment, 
opened subscription news rooms in the chief towns of England, 
especially those of the northern counties, in which intelligence of 
every description which could interest the general public was 
posted jfrom hour to hour during the day, immediately on its 
transmission from London. These establishments did not, 
however, receive the necessary public support, and with one or 
two exceptions they have been discontinued. There is, however, 
in the Lothbury establishment, besides the private message 
department, a general intelligence office, in which the news 
published in the morning journals is condensed and transmitted 
to the exchanges of Liverpool, Bristol, Manchester, Glasgow, and 
other chief provincial centres of business. 

On the evenings of Fridays, the London news is collected, con- 
densed, and transmitted to the offices of upwards of 120 provincial 
Saturday papers, which thus receive during the night before 
their publication the most recent intelligence of every sort 
received by telegraph from all parts of Europe besides the current 
news of London to the latest moment. An example of the extra- 
ordinary efficiency of this department is given in the case of one 
of the Glasgow Saturday journals, which often receives as much as 
three columns of the debates, transmitted while the Houses are 
still sitting. A superintendent and four clerks are exclusively 
engaged in the business of this department, and in the latter days 
of the week their office presents all the appearances of the editor's 
room of a widely circulating journal. " At seven in the morning 
the clerks are to be seen deep in * The Times' and other daily 
papers, just hot from the press, making extracts and condensing 
into short paragraphs all the most important news, which are 
immediately transmitted to the country papers to form second 
editions. Neither does the work cease here, for no sooner is a 
second edition published in London than its news, if of more than 
ordinary interest, is transmitted to the provinces." Arrived at 
the chief places in direct communication with London ** swifter 
than a rocket could fly the distance, like a rocket it bursts and is 
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again carried by diverging (branch) wires into a dozen neigh- 
bonring towns " of less magnitude and importance.* 

Besides this organisation for the general transmission of des- 
patches from one quarter of the great metropolis to another, there 
are some curious special arrangements made for the satisfaction of 
the wants of particular classes. Thus a wire is exclusively appro- 
priated to communications between the Octagon Hall of the 
Houses of Parliament and the telegraphic station in St. James- 
street, the centre of the "West-end clubs. This particular wire 
should be called the ** * whipper-in * of the House, for it is nothing 
more than a call-wire for members. The company employ 
reporters during the sitting of Parliament to make an abstract 
from the gallery of the business of the two Houses as it proceeds, 
and this abstract is forwarded at very short intervals to the office 
in St. James*s-street, where it is set up and printed, additions 
being made to the sheet issued as the MS. comes in. This flying 
sheet is sent half-hourly to the following clubs and establish- 
ments : — Arthur's ; Carlton ; Oxford and Cambridge ; Brookes's ; 
Conservative ; United Service ; Athenaeum ; Reform ; Travellers' ; 
United University ; Union ; and White's. Hourly to Boodle's 
Club and Prince's Club ; and half-hourly to the Royal Italian 
Opera. The shortest possible abstract is of course supplied, just 
sufficient in fact to enable the after-dinner M.P. so to economise 
his proceedings as to be able to finish his claret and yet be in time 
for the ministerial statement, or to count in the division. The 
following, for instance, is a fac-simile of the printed abstract of 
the debate on the Address to her Majesty on the declaration 
of war : — 

THE ELECTRIC TELEGRAPH COMPANY. 
(incorporated 1846.) 



HOUSE OP COMMONS, FRIDAY, MARCH SlST, 1854. 



TIME. 


H. 


M. 


4 
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30 
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40 


5 
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30 







House made. 

Piivate business and Petitions. 

Mr. Napier brought up report oi Dungar 
van Election Committee : Maguire duly 
elected, and attention called to state of 
law upon the withdrawal of Petitions. 

Notices. 
30|Lord John Russell moving reply to message 
of Her Alajesty. 



REMARKS. 



House of Lords. 

Lord Aberdeen stated, in 
reply to Lord Eoden, 
that it was intended to 
appoint a day for solemn 
prayer for a blessing on 
Her Majesty^s arms by 
sea and land. 

Earl of Clarendon moved 



* Quarterly Review, No. CLXXXIX., p. 138. 
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Stating various transactions and negotia- 
tions which have taken place with 
Russia. 

"Ml, Layard approved of the sentiments 
expressed. 

Still speaking. 

Compared the language and opinions o; 
different Members of the Cabinet, and 
called attention to various articles in 
the *' Times," which he maintained to 
be written with a full knowledge of the 
contents of the secret and conlidential 
correspondence. 

jMt. Bright replied to Mr. Layard, adverse 
to policy of the Government. 

Still speaking. 

Still speaking. 

Mr. J. Ball was prepared to support the 
war, though not agreeing in the reasons 
put forward to justify it. 

The Marquis of Granby expressed his 
regret at the language used by certain 
members of the Government with re- 
spect to the Emperor of Russia, whose 
conduct regarding Turkey he vindicated. 

Lord Dudley Stuart. 

Still speaking. 

Lord Falmerston vindicating the policy of 
the Government. 

Mr. Disraeli supported the address, bul 
severely criticised the conduct of differ- 
ent Members of the Cabinet. 

Analysing the secret and confidential cor- 
respondence to show that a plan for the 
partition of Turkey was assented to by 
the English Government in 1844, when 
the Earl of Aberdeen was Secretary for 
Foreign Affairs. 

Lord John Russell replying to Mr. Layard, 
and the observations of other speakers. 

Colonel Sibthorp : observations. 

The Address to Her Majesty agreed to ; 
and on the motion of Lord John Russell, 
and seconded by Mr. Disraeli, to be 
presented by the whole House. 

HOUSE ADJOURNED. 



REMARKS. 



the address in reply to 
the Queen's message. 

Earl of Derby : observa 
tions. 

(7-30). Earl of Aberdeen 
replied to Lord Derby. 
f'(7 • 45). Earl of Malmes- 
bury regretted, the tone 
taken by the Prime 
Minister. 

(8 • 20). Earl Granville 
observations. 

Lord Brougham ditto. 

Earl Grey ditto. 

(8-60). Earl of Hard 
wicke wished for i 
larger Naval Reserve. 

(8 * 55). Marquis of Lans- 
downe said it was neces- 
sary to check Russia. 

(9*5). Address agreed 
to, to be presented on 
ilonday. 

LORDS ADJOURNED, 9 * 25. 



Saint James's Street Branch Station, No. 89, at the End of Pall Mall, 
opposite Saint James's Palace. 
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" The wire to the Opera is a still more curious example of the 
social services the new power is destined to perform. An abstract 
of the proceedings of Parliament similar to the above, but in 
writing, is posted during the performance in the Lobby, and 
Young England has only to lounge out between the acts to know 
if Disraeli or Lord John Russell is up, and whether he may sit out 
the piece, or must hasten down to Westminster. The Opera-house 
even conmninicates with the Strand-office, so that messages may 
be sent from thence to all parts of the kingdom. The government 
wires go from Somerset-house to the Admiralty, and thence to 
Portsmouth and Plymouth by the South-Western and Great 
Western Kailways ; and these two establishments will shortly be 
put in commxmication, by means of subterranean lines, with the 
naval establishments at Deptford, Woolwich, Chatham, Sheemess, 
and with the Cinque Ports of Deal and Dover. They are worked 
quite independently of the company, and the messages are sent in 
cipher, the meaning of which is unknown even to the telegraphic 
clerks employed in transmitting it. Li addition to the wires 
already spoken of, street branches run from Buckingham Palace 
and Scotland Yard (the head police-office) to the station at 
Charing-cross, and thence on to Foimder's-Court ; whilst the 
Post-office, Lloyd's, Capel-court, and the Com Exchange com- 
municate directly with the central office." * 

The Magnetic Telegraph Company have made arrangements 
by which the correspondents of the press are allowed to forward 
messages upon an entirely different basis; the charge for intel- 
ligence so transmitted, amounting to only one-tenth of the charge 
to the public, the matter being more voluminous, and passing 
through the wires at a time when they are not otherwise occupied. 

The company also supplies the press and news-rooms in 
various parts of the United Kingdom, and especially throughout 
Ireland, with news by contract ; at the rate of about one half- 
penny per line of ten words ; and are enabled to do so, by making 
manifold copies of the information (whatever be its nature) for the 
use of all the press, &c., in each town or district, through which 
such news passes. 

Under such arrangements, intelligence to the amoimt of two 
closely printed newspaper columns, or more, daily, is transmitted 
between all the stations, conveying information of the various 
share, com, cotton, coal, iron, cattle, provision, and produce 
markets ; fairs, sliipping arrivals, foreign and domestic informa- 
tion. Gazette news. Parliamentary reports, &c., &c. Each piece of 
news, whatever its nature, obtained in one town being conveyed 

* Quarterly Review, No. CLXXXIX., pp. 139— 143, 
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to all tho rest; the arrival of vessels in dueenstown, the result of 
a market in Cork, or of a cattle fair at BallinUsloc, affording 
intelligence for tlie whole of the United Kingdom, and vice versa. 

In order to carry out this system, the company employs paid 
agents, news collectors, parliamentary reporters, &c. 

253. It is a fact well known that the electric telegraph is much 
more extensively used for all purposes, political, commercial, and 
domestic, in tho United States, than in this or any other part of 
Europe. Before the reductions which have within the last year 
or two taken place in the tariffs, this might fairly be explained 
by the comparatively small cost of transmission in America. 
But since those reductions were effected, it may be questioned 
whether there is any difference of cost sufficiently considerable to 
explain the vast difference in the extent to which tho public, on 
different sides of the Atlantic, avail themselves of this mode of 
inter-communication. 

"We shall notice the question of the tariffs hereafter. Mean- 
while, whatever be the cause, it is certain, that the practical use 
of the telegraph is much more extended among our transatlantic 
descendants. 

The tarilts vary on different lines, but it has been estimated 
that the cost of a message of 10 words, exclusive of address and 
signature, sent 10 miles, is about 5d,, and for greater distances the 
cost may be taken at about O'OSdd, per word per mile. 

The classes of messages entitled to precedence, arc government . 
messages, and messages for the furtherance of justice in detection 
of criminals, &c. ; then death messages, which includes cases of 
sickness when the presence of a party is sent for by the sick and 
dying. Important press-news comes next ; if not of extraordinary 
interest, it takes its turn with the mercantile messages. 

2c4. Commercial houses resort largely to the telegraph. For ex- 
ample : a person purchasing goods in New York, gives his reference 
to flie merchant— such reference being perhaps 700 or 800 miles 
away from him. By the aid of the telegraph the merchant can 
learn the standing of his customer, even before the purchase is com- 
pleted. There are bankers, brokers, &c., that receive and send, on 
an average, six to ten messages per day, throughout the year. 

255. The manager of House's line at New York states that some 
commercial houses pay to the company as much as 200/. a-year, 
and that the average annual receipts from twenty mercantile 
houses amount to 100/. each. 

The directors of Bain's New York lines report that the tele- 
graph is used by commercial men to almost as great an extent as 
the mail. This can be better illustrated by the number of messages 
sent and received between cities whose commercial relations are 
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intimate, during the hours from 10 a.m. to 5 p.m. For instance : 
there are transmitted daily, between the cities of "EeVr York and 
Boston, between 500 and 600 messages, two-thirds if not three- 
fourths of which are transmitted between the hours aboye 
named. Some houses pay from 12/. to 16/. per month to the 
telegraph. The amount paid by a commercial house is governed 
by the excitement there is in the market of the particular article 
they may be dealing in. If there are **ups and downs" in the 
market, money is lavished upon the telegraph freely. 

The directors of the Morse New York lines, state that the annual 
telegraph outlay of several houses amounts to 600/. 

It often happens that a party desires to *' converse" with 
another 400 or 500 miles off. An hour is appointed to meet in 
the respective offices, and they converse through the operator. 
Cases may be mentioned of steamboats being sold over the wires 
— ^the one party being in Pittsburg, the other in Cincinnati. 
Each party wrote down what they had to. say, higgled awhile, and 
finally concluded the sale. Their correspondence was filed away, 
like other messages, and kept for reference, if ever called in 
question. It is often used by parties, when from home, corre- 
sponding with their families. Sometimes it is the messenger of 
woe; and anon, that of pleasure. In the early part of 1852, the 
Astor House of New York, and the Burnet House of Cincinnati, 
had a series of telegraphic parties. An account of one of them 
was published in the " Cincinnati Grazette," the parties con- 
versing being about 750 miles apart. 

256. The following example of the activity of journalism is given 
by Mr. Jones, who was himself a telegraphic agent for the news- 
papers : — " Some time back the Asia arrived at Quarantine, near 
New York, about 8 p.m., was detained an hour by the health 
officer. The agent of the New York Associated Press and of the 
New Orleans Merchants' Exchange, Mr. Jones, to gain but a few 
minutes, had a boat in readiness when the Asia brought to. A 
small bag containing the latest news was handed over the steamer's 
side, to the small boat. By great exertions sho gained New- 
York half an hour ahead of the Asia. The bag was opened — a 
copy of her news was handed to us, addressed to the Merchants' 
Exchange, New Orleans, signed Jones — ^to work we went. It was 
being transmitted over the wires amid the thundering of the 
Asia's cannon, as she rounded the point ; and a complete cynopsis 
of her commercial and political news was received in Louisville, 
1100 miles in the interior, before the ship had actually reached 
the city." 

The managers of the Morse line at New York state that, 
during the sittings of conventions, or elections, or the arrival of 
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steamers, often from 2000 to 8000 words are reported. On some 
occasions of market excitement, the priyate messages are nearly 
doubled. 

Debates of Congress are received at an average of about 4500 
words per day, and transmitted at the rate of 1600 words per hour. 

On the assembly of the Legislature of the State of New York at 
Albany, in 1847, the governor's message, consisting of 25000 
letters, was transmitted to New York, 150 miles, and printed by 
the telegraph itself in two hours and a half. 

257. In his reports to Congress, Mr. Morse has supplied various 
examples of the use made of the telegraph by all classes of persons. 
During the Philadelphia riots of 1844, the mayor of that city sent 
an express by railway, to the President of the United States at 
Washington. On the arrival of the train at Baltimore, the con- 
tents of the express transpired, and the telegraph, which was then 
just put in operation between Baltimore and Washington, not 
being yet established elsewhere in the States, sent on the substance 
of the despatch. The President held a cabinet council while the 
despatch itself was coming, and had his answer prepared 
and delivered to the messenger who brought the despatch at 
the moment of his arrival, who returned with it instantly to 
Philadelphia. 

2583Nothing is more frequent in the United States than electric 
medicaf consultations. A patient in or near a country village 
desires to consult a leading medical practitioner in a chief city, 
such as New York or Philadelphia, at four or five himdred miles 
distant. With the aid of the local apothecary, or without it, ho 
draws up a short statement of his case, sends it along the wires, 
and in an Ijour or two receives the advice he seeks, and a 
prescription. Cases are recorded in which electric marriages have 
been contracted between parties separated one from another by 
many degrees of latitude. A correspondent of the author of a 
paper in Chambers's Collection states, that in the United States, 
" The telegraph is used by all classes, except the very poorest — 
the same as the mail. A man leaves his family for a week or a 
month ; he telegraphs them of his health and whereabouts from 
time to time. If returning home, on reaching Albany or 
Philadelphia, he sends word of the hour that he wiU arrive. In the 
towns about New York the most ordinary messages are sent in 
this way: a joke, an invitation to a party, an inquiry about 
health, &c. In our business we use it continually. The other 
day two different men from Montreal wanted credit, and had no 
references; we said: 'Very well; look out the goods, and we 
will see about it.' Meanwhile we asked our friends in Montreal — 
* Are Pump and Proser good for one hundred dollars each ? ' The 
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answer was immediately returned, and we acted accordingly; 
l)robably much to our customers* surprise. . The charge was a 
dollar for each message, distance about 500 miles, but much 
further by telegraph, as it has to go a round to avoid water. If 
my brother goes to Philadelphia, he telegraphs, *How is the 
family? What is doing?' — I answer, *A11 well. Sales so 
much,' and so on." * 

It has been contended by some, with much reason, that one of 
the most serious drawbacks to the general extension of the use of 
the electric telegraph is the impracticability of preserving that 
secrecy which the seal confers on written correspondence, the 
absence of which would utterly annihilate the utility of the post- 
office. The imperious necessity of guarding this secrecy inviolate 
is apparent in the heavy penalties attached to the rupture of the 
seal, which can only be effected with impunity by a special 
authorisation of a secretary of state. To confer on the electric 
telegraph all the public utility of which it is susceptible, means 
must be adopted, and will, no doubt, be ultimately adopted for 
the attainment of this object, the vital importance of which is 
implicitly acknowledged by the heavy penalties, the smallest of 
which is dismissal, imposed in all countries on the agents who 
disclose the contents of private telegraphic correspondence. 

Such expedients must nevertheless be ineffectual, for it would 
contradict all the residts of the common experience of ^ife, if 
what must inevitably be communicated to half a dozen persons at 
least, and a copy of which is retained and filed in a public office, 
could remain secret from any parties who might have a sufficiently 
strong motive to come to the knowledge of it. But even though 
the disclosure of private communications to parties not employed 
in the telegraphic offices should be effectually prevented by the 
present expedient of swearing the clerks to secrecy, and inflicting 
the consequent penalties for the violation of their oath, still 
individuals communicating in private confidence one to another, 
wives to husbands, sisters to brothers, or children to parents, 
have things to say which it would be utterly intolerable, as is 
most justly observed by the reviewer already quoted even **to 
see strangers read before their eyes. This is a grievous faidt in 
the telegraph, and it must sooner or later be remedied by some 
means or other." 

The object might be accomplished by the use of any species of 
cipher, but this supposes that the parties corresponding have 
previously prepared ^the cipher, and are mutually possessed of its 
key. Such a condition could only be practically fulfilled by 

* "Chambers's Papers for the People," vol. ix. No. 71. 
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correspondents having habitual need of intercommunication, such 
as mercantile establishments interchanging news of the markets, 
stocks, sales, and other commercial details ; but for the occasional 
communications of domestic life it would be quite unavailable. 

It is hinted by * the Quarterly Reviewer,* that Mr. Wheatstone 
has invented a cipher which will be applicable to general purposes, 
and which will attain this object, and that it will be soon placed 
at the disposition of the pubHc. 

If the same privacy as is afforded by the post-office can be thus 
secured to telegraphic communications, and if by the multiplication 
of their wires, and the improved efficiency of their instruments, 
the companies are enabled to reduce their tariff to a stiU lower 
limit, and to base it on some uniform principle similar to the 
admirable penny postage system of Mr. Rowland HiU, it is diffi- 
cult to foresee the extent of the revolution which this noble gift of 
science to mankind may effect. Great as the benefits have been 
which the post-office has conferred, they will sink to nothing com- 
pared with those of the telegraph. In estimating the importance 
of the part reserved for this vast agent of civilisation, it must not 
be forgotten that it is still in its early infancy, and that its most 
wondrous powers are not yet developed by time and growth. 

259. The necessity of disclosing the contents of private des- 
patches to the telegraphists is sometimes avoided in the United 
States by the adoption of a cipher, or by a conventional change of 
the signification of the letters of the alphabet. In some cases, 
with the telegraph of House, the manipulation of which is easy 
and simple, the party plays upon the keys of the instrument 
himself. It is, however, only in rare instances that these 
expedients are resorted to. The public confidence has been won 
by the general secrecy observed by the telegraphic agents, and in 
general no apprehension of disclosure prevents persons from 
sending the most private and confidential despatches in the usual 
manner. One of the directors, who for four years has had the 
superintendence of extensive lines, states, that in that interval 
he never heard of an instance of the contents of a despatch being 
divulged. 

Another circumstance which experience has made manifest has 
given security to the public on this point. It appears that the 
agents who are for many hours labouring at the machine in the 
transmission of despatches, word by word, rarely are able to give 
that kind of attention to the sense and purport of the whole which 
would be necessary to the clear understanding of it. Their atten- 
tion is engrossed exclusively in the manipulation necessary to 
transmit letter after letter, and they have neither time nor 
attention to spare for the subject of the whole despatch. The case 
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is very analogous to that of compositors in a printing-office, who, 
as is well known, go througli their work mechanically, without 
giving the least attention to tho subject. 

260. A sort of verbal ciphers, or abbreviations, are much in use, 
however, by mercantile houses. This is practised more for the 
sake of economy than secrecy, although the latter purpose is also 
' attained. The firm and its correspondents have a key in which 
are tabulated a number of single words, each of which expresses a 
phrase or sentence, such as is of frequent occurrence in such com- 
munications. The following example of such a commercial 
despatch is given by Mr. Jones. The despatch to be sent consisted 
of 68 words, as follows : — 

^^ Flour Market for common and fair brands of western is lower ^ 
with moderate demand for home trade and export, Sales^ 8000 
hhls, Genesee at 5 dols, 12. IVheat^ prime in fair demand^ market 
firm, common description dully with a downward tendency, sales, 
4000 bushels at 1 dol. 10. Corn, foreign news unsettled the market: 
no sales of importance made. The only sale made was 2500 bushels 
at 67 c." 

This despatch, when converted into the verbal cipher, was 
expressed in nine words, as follows : — 

** Bad came aft keen dark ache lain fault adapt." 

261. Complicated systems of cipher were invented for the trans- 
mission of parliamentary and law reports, and those of public 
meetings. When the tolls, however, were reduced by competition, 
this system was abandoned, and the reports were sent in full, 
or with such abbreviations only as are obvious. 

262. The large quantity of telegraphic news which is published 
daily in the New York journals is explained by the fact, that seven 
of Ihe principal journals of that city formed an association to 
telegraph in common, sharing the expense. Each journal was, 
however, at liberty to order for itself any extra intelligence, 
giving the others, or any of them, the option of sharing it. 

263. Mr. Jones relates that one of the earliest telegraph feats, 
after the extension of the telegraph lines west to Cincinnati, was 
brought about by the agency of the * * New York Herald," and before 
any regular association of the press was formed in New York. 

** It became known that Mr. Clay would deliver a speech in 
Lexington (Ky.), on the Mexican war, which was then exciting 
much public attention. Mr. Bennett, editor and proprietor of the 
* Herald,' desired us to have Mr. Clay's speech reported for the 
paper. "We at once proceeded," says 1^. Jones, " to make arrange- 
ments to carry it into effect. We had a regular and efficient 
reporter already employed in Cincinnati, a Mr. G. Bennett ; we 
also had a Mr. Thompson in Philadelphia in co-operation witii us 
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for somo papers there, and whicli agreed, if the speecli was first 
received, to share the expense with the * Herald.' The * Tribune* 
in New York, and the * North American' in Philadelphia, agreed 
to start for a report of the speech, in opposition. From Lexington 
to Cincinnati was eighty miles, over which an express had to be 
run. Horses were placed at every ton miles by the Cincinnati agent. 
An expert rider was engaged, and a short-hand reporter or two 
stotioned in Lexington. When they had prepared his speech it 
was then dark. The express-man, on receiving it, proceeded witli 
it for Cincinnati. The night was dark and rainy, yet he accom- 
plished the trip in eight hours, over a rough, hilly, country road. 
The whole speech was received at the * Herald' office at an 
early hour the next morning, although the wires were interrupted 
for a short time in the night, near Pittsburg, in consequence of the 
limb of a tree having fallen across them. An enterprising operator 
in the Pittsburg office, finding communication suspended, procured 
a horse, and rode along the line amidst the darkness and rain, 
foTmd the place, and the cause of the break, which he repaired ; 
then returned to the office, and finished sending the speech," 

The Philadelphia "North American," upon whom the "Tri- 
bune " chiefly depended, failed to get its report, and the lattor 
purchased a copy from the " Herald." 

The expense of securing the speech by express and tolegraph, 
amounted to about 100^. 

The tolegraphs have derived a very large share of their revenue 
from the press. The whole expense, for telegraph reports of all 
kinds, have some years cost the New York Associated Press (six 
in number) probably about 1000/. each, or a total of 6000/. per 
annum. The average for the past five years probably has not been 
less than about 5000/. to 6000/. per annum. During long sessions 
of Congress it exceeded this amount. 

Sometimes a single paper availed itself of the privilege of 
ordering long and expensive reports of meetings, speeches, con- 
ventions, &c., in which its associates participated or declined as 
best suited their estimate of the value of the news. In case the 
other papers refused to receive it, the whole expense was borne by 
it. The "Herald" is the only one of its associates which publishes 
a Sunday paper — Whence it takes all the telegraph news which is 
received on Saturday afternoon and night, and pays the whole 
expense of the tolls.* 

264. The electric telegraph, an offspring of science, has rendered 
to its parent great and important services. 

From the moment that it was discovered that the pulsations of 

* Jones, p. 138. 
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the electric current could, by means of the conducting wires, he 
transmitted to any distances, its use in the important problem of 
the determination of longitudes, became conspicuously apparent. 
By reference to our Tract on Latitudes and Longitudes, it will be 
seen that the difference of the longitudes of two places upon the 
earth's surface is nothing more nor less than the difference of 
the hour of the day or night, as shown by two well-regulated 
clocks at the two places. Thus, if wliile it is 3 o'clock at one 
place, it is 4 o'clock at the other, the latter is one hour of 
longitude east, and the former one hour west of the other ; or if 
it be preferred to express the longitude in degrees, the one place is 
15** east or west of the other. 

Now since the machinery of the electric telegraph suppHes the 
means of making all the time-pieces of whatever kind, or where- 
ever placed, which are brought into connection with the same 
system of wires, move in exact accordance, it is capable of making 
ail the time-pieces in the United Kingdom move in exact accord- 
ance with the standard chronometer of Grreenwich Observatory ; 
or, to take a still larger view of the principle, it is capable of 
governing the movement of aU the time-pieces of whatever sort, 
and wherever situated within the range of the vast net- work of tele- 
graphic wires, which overspreads the European continent, so as to 
make them move in accordance with any standard time-piece, which 
may by common consent be adopted as the common regulator. 

Now, if such an uniformity of chronometers were established, 
the longitudes of all places would be determined by ascertaining 
by observations on the sun, which are always easy and susceptible 
of great precision, the local time, that is to say the time which 
would be shown by a well-regulated clock on the present system. 
The difference of the two times, that shown by the common 
standard regulator and that shown by the local clock, would be 
the difference of longitude between the place in question and the 
place where the standard regulator would show local time. 

265. In places at great distances asunder, and in different 
countries, such horological uniformity would, at first, for civil 
purposes be attended with some inconvenience, since the hour of 
noon would vary with the longitude. Thus, at a place 15° east of 
the standard station, the hour of noon would be one o'clock, and at a 
place 15° west it would be 1 1 o'clock. Such an inconvenience would, 
however, only be felt at the moment of the change of custom. It 
is obvious that it would be as easy and simple to mark the moment 
at which the sun passes the meridian by 11 or 1, as by 12. 

Incidentally to such an horologicsd uniformity would arise, 
however, the convenience that the hour of noon at all places would 
express their longitude with relation to the standard station. 
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CHAPTEE sni; 

265. Signaltimeballa.— 267. Electric cDimectiDn of □baeiTatoriesofQreen- 
vidi, BroHKla, and Fans. — 268. Usea of electric telegraph in astro- 
nomieal observationB. — 269. In regMlating the ohaervalory oloclcs. — 
270. In fixing with precision the time of an astronomical pheDoiiieDon. 
—271. Telegraphic lines of the 0mted Kingdom.— 272. Their extent 
in 1354.— 273. Electric Telegraph Compaii!r.—27*. Table of its lines, 
atfltionB, dc— 276. Present tariff (1854). 

266. Bt coneort betweeii the Astronomer Royal and the several 
Electrio Telegraph Companies, the Greenwich local time is 
announced at certain hours of the day, at coDspiouous places in 
different parts of the country, so that navigators who happen to 
be in any of our porta, may avail themselves of these means of 
regulating their chronometers. We have already expliuned the 
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signal given daily at one in the afternoon, by the fall of a largo 
ball npon the dome of the Royal Observatory at Greenwich.* 
This being generally visible from a considerable extent of tho 
river below London-bridge, masters of vessels observing it can 
regulate their time-pieces or note their errors. This system of 
signals is in progress of extension. By means of a galvanic clock 
at the Observatory, and the conducting wires which connect that 
building with the station of the Electric Telegraph Company at 
Lothbury, hourly signals giving accurately Greenwich time are 
transmitted to the offices of the company at Lothbury, and in tho 
Strand opposite Hungerford-market. Similar signals are trans- 
mitted several times a day to Tunbridge, Deal, and Dover by the 
wires of the South-eastern Company. Signal balls are let fall 
over the dome of the Telegraph Office in the Strand and at an 
elevated station, Liverpool, at the same instant with the fall of 
the ball over the Greenwich Observatory. Besides this time- 
signals are transmitted on the wires twice a day, at 10 in the 
forenoon, and 1 in the afternoon, directly from Greenwich to 
various chief stations upon the system of lines of the Electric 
Telegraph Company. 

267. From the first instant of the laying of the wires con- 
necting the Greenwich Observatory with the stations of the South- 
eastern Railway Company and the Electric Telegraph Company, it 
was evident that one of the earliest and most useful applications of 
them would be the determination of the longitudes of several of 
the principal observatories in the British Isles and on the Con- 
tinent. During the year 1853, the earliest opportunities were 
accordingly taken for determining the longitudes of Cambridge, 
Edinburgh, and Brussels, which was accomplished with complete 
success, as far as regards the galvanic communications and the 
observations of the signals at all the observatories. 

The observatories of Greenwich, Brussels, and Paris aro now 
placed in direct electric connection by the submarine cables 
between Dover, Calais, and Ostend, to the great advantage and 
advancement of astronomical science. 

268. Li the routine of the business of an observatory, tho astro- 
nomical clock is an instrument in never ceasing use. A part of 
almost every astronomical observation consists in noting with the 
last degree of precision the moments of time at which certain 
phenomena take place ; and so great is the degree of perfection to 
which the art of observation has been carried, that well-practised 
observers are able, by the combination of a quick and observant 
eye and ear, to bisect a second^ and even to approach to a still 

^' See Tract on Latitudes and Longitudes. 
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more minute division of tliat small interval. Li order to enable 
the reader fully to appreciate the benefit which the telegraph 
has rendered to astronomy, it will be necessary here briefly to 
explain the manner in which this kind of observation has hitherto 
been made. 

, To determine the moment at which the visual ray proceeding 
from a celestial object has some definite direction, two things are 
necessary — 1st, to ascertain the direction of such a ray; and, 
2ndly, to observe the time when it has such direction. The tele- 
scope, with its accessories, supplies the means of accomplishing 
the former, and the astronomical clock the latter. 

If T t', fig. 93, represent the tube of a telescope, t the extremity 
in which the object-glass is fixed, and if the end where the 

Fig. 98. 
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images of distant objects to which the tube is directed are formed, 
the visual direction of any object will be that of the line sf c 
drawn from the image of such object formed in the Jleld of view 
of the telescope to the centre c of the object-glass, for if this lino 
be continued, it will pass through the object s. 

But since the field of view of the telescope is a circular space of 
definite extent, within which many objects in difibrent directions 
may at the same time be visible, some expedient is necessary by 
which one or more fixed points in it may be permanently marked, 
or by which the entire field may be spaced out as a map is by the 
lines of latitude and longitude. 

This is accomplished by a system of fibres or wires, so thin that 
even when magnified they will appear like hairs. These are 
extended in a frame fixed within the eye-piece of the telescope, so 
that they appear when seen through the eye-glass like fine lines 
drawn across Uie field of view. 

The system consists commonly of five or seven equidistant 
wires, placed vertically at equal distances, and intersected 
at thiir middle points by a horizontal wire, as represented in 
^g. 94. When the instrument has been adjusted, the middle 
wire m mf will be in the plane of the meridian, and when an 
object is seen upon it, such object will be on the celestial meri- 
dian, and the wire itself may be regarded as a small arc of the 
meridian rendered visible. 

The eije of the observer is occupied in watching the progress 
of the object moving over the wires in the field of view of the 
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.3 occupied in notli^, and Us mind in 
countiiig the BUCoessJTe beats of Qie pen- 
dulum, which in all astronomioal docki ii 
so constructed as to produce a. ■nffioienti}' 
loud and distinct sound, marking the dose 
of each Buocesaive second. The praotiBed 
obserrer is enabled with considerable pre- 
cision in this way to snbdiride a second, 
and determine the moment of the occur- 
rence of a phenomenon vitliia a gmsU 
fraction of that interval. A star, for 
exMuple, is seen totheleft of the wiremm' 
at s, fig. 94, at one beat of tlie pendnlum, and to the right of it at 
«' with the next. The ohserver estimates witli great precision 
the proportion in which the wire divides the distance between the 
points 8 and «', and con therefore determine tite fraction of a 
second after being at i, at which it was npon the wire m m'. 

The fised stars appear in the telescope, no matter how hi^ its 
magnifying power be, as mere lucid points, ha'ring no sensible 
magnitude. By the diurnal motion of the firmament, tiie star passes 
successively over all the wires, a short interval being interposed 
between ita passages. The observer, just before the star approaching 
the meridian enters the field of view, notes and writes down the 
hours and minules indicated by the clock, and he proceedH to count 
the secanda by his ear. He observes the instant at which the star 
crosses each of the wires ; and taking a mean of all these times, 
he obtains, with a great degree of preciaion, tie instant at which 
the star passed the ;niddle wire, which is the time of the transit. 

By tbis expedient the result has the advantage of as many inde- 
pendent obacrvations as there are parallel wires. The erroni of 
observation being distributed, are proportionately diminished. 

When the sun, moon, or a planet, or, in general, any object 
which has a sensible disk, is observed, the time of the transit is 
the instant at which the centre of the disk is upon the middle 
wire. This is obtained by observing the instants which tie 
western and eastern edges of the disk touch each of the wires. 
The middle of these in.1«ryalB are the moments at which the centre 
of the disk is upon the wires respectively. Taking a mean of tie 
contact of the western edges, the contact of the western edge with 
the middle wire wiH bo obtained ; and, in like manner, a mean of 
the contacts of the eastern edge will give the contact of that edge 
with the middle wire, and a mean of these two wiU give the 
moment of the transit of the centre of the disk, or a mean of all 
the contaeta of both edges will give the same result 
By day the wires are visible, as fine black lines ii ' 
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spacing out the field of view. At night they are rendered visible 
by a lamp, by which the field of view is faintly illuminated. 

These points being well understood, no difficulty will be found 
in understanding the manner in which the telegraph has conferred 
vastly increased facility and precision on such observations. 

269. The first service which it has rendered is that of making 
all the clocks in the observatory absolutely synchronous. This 
has been already accomplished with regard to the solar clocks, 
that is, those which indicate mean or civil time. It may be, and 
no doubt will be, also accomplished, with still greater advantage 
to science, in the case of the astronomical clocks, that is, those 
which mark sidereal time. The several observers, occupied usually 
in different rooms, have each their own clock. Now, however 
perfect may have been the workmanship of these clocks, no two 
of them can be relied upon to go absolutely together for any 
length of time ; therefore^ one of the duties of the observer, and of 
the conditions of good observations, is to note the error of his 
clock — that is, its deviation from the standard chronometer of the 
observatory. These errors will be effaced by the expedient of 
putting all the clocks in the observatory in electrical connection, 
so that the pendulum of the standard chronometer shall regulate 
the pulsations of the current, and these pulsations again regulate 
the motion of all the other clocks. 

"We believe that the Astronomer Royal once contemplated this 
improvement, and most probably, when suitable opportunity shall 
be presented, he will carry it into practical effect. 

270. The clocks being thus reduced to absolute accordance, the 
next service rendered by the telegraph to the astronomer consists 
in affording the means of ascertaining the instant of time at which 
any celestial object passes across the micrometer wires with greater 
facility and precision than were attainable by the use of the eye 
and ear in the method above described. 

This improved method of observation, as it is now being pre- 
pared for the Greenwich Observatory, consists in a key-com- 
mutator placed under the hand of the observer, which governs a 
current transmitted to an electro-magnet, connected with a 
style placed over a cylinder coated with paper, upon which 
it leaves a puncture when it is driven down by the pulsation 
imparted to the current by the finger of the observer acting upon 
the key. The paper-covered cylinder is kept in uniform revolu- 
tion at any desired rate by clock-work, and another style impelled 
by another current receiving its pulsations foom the pendulum 
of the chronometer, is driven upon the paper with each beat of 
the pendulum, the interval between two successive marks made 
by this style representing one second of time. 

101 



I 



THE ELECTRIC TELEGRAPH. 

Now let ns suppose, for example, that by the motion imparted 
to the cylinder, an inch of the paper passes in each second under 
the style. The style moved by the clock will therefore leave a 
succession of marks upon the paper, at distances of an inch 
asunder. But the particular distance of these marks is unim- 
portant, nor is it material that the cylinder should be moved with 
mathematical precision. If its motion for the short interval of a 
second be practically uniform, that wiU suffice. 

When the object, a star for example, approaches the field of 
view, the observer, with his eye to the telescope, holds his finger 
over the key. He sees the star enter the field and approach the 
first wire. The moment it crosses the wire, he presses down the 
key, and the style gives a puncture to the paper on the cylinder. 
In the same manner, when the star crosses the second and succeed- 
ing wires, he again and again presses on the key, and thus leaves 
as many distinct marks on the paper as there are wires. 

After the observation thus made has been concluded, the marks 
on the paper are examined, and their distances from the pre- 
ceding and following marks made by the pendulum style are 
exactiy measured, from which is inferred the fractional part of a 
second, between the moment at which the star crossed each of the 
wires, and the last beat of the pendulum. 

In this way the time of the transit is ascertained to the hun- 
dredth part of a second. 

The Astronomer Royal, noticing this method of observing in 
an address delivered before the Royal Astronomical Society, 
said, that " In ordinary transit observations, the observer 
listens to the beat of a clock while he views the heavenly bodies 
passing across the wires of the telescope ; and he combines the 
two senses of hearing and sight (usually by noticing the place of 
the body at each beat of the clock) in such a manner as to be 
enabled to compute mentally the fraction of the second when the 
object passes each wire, and he then writes down the time in an 
observing-book. In these new methods he has no clock near Idm, 
or at least none to which he listens : he observes with his eye the 
appulse of the object to the wire, and at that instant he touches an 
index, or key, with his finger ; and this touch makes, by means 
of a galvanic current, an impression upon some recording appara- 
tus (perhaps at a great distance), by which the fact and the time 
of the observation are registered. He writes nothing, except 
perhaps the name of the object observed." 

He further observed that it was expected that by this method 

the irregularities of observation would be greatly diminished, 

whether because the sympathy between the eye and the 

finger is more lively than betnreen the eye and the car, remains ta 
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be determined. The Astronomer Royal proposes to use the " cen- 
trifugal or conical-pendulum clock " as an instrument superior in 
every way to those used in America; and "considering the 
problem of smooth and accurate motion as being now much nearer 
to its solution than it had formerly been, it might be a question 
whether, supposing a sidereal clock made on these principles to be 
mounted at the Royal Observatory, it should be used in commu- 
nicating motion to a solar clock." 

It is worthy of remark also, that punctures can be made upon 
the same revolving barrel by observers employed at two or more 
instruments erected in different rooms, by means of keys oi 
commutators, which complete the circuit from the same battery 
to the same puncturing-point. This is at present done with two 
instruments at Greenwich, All necessity for comparing clocks is, 
of course, avoided. 

Some difficulties occurred at first in imparting to the cylinder a 
sufficiently smooth and equable motion, the motion given by com- 
mon clock-work being always one made by starts like that of the 
seconds' hand of a pendulum. It was to surmount this difficulty 
that the Astronomer Royal proposed the substitution of the centri- 
fugal pendulum (resembling the governor of a steam%ngine) for 
the ordinary oscillating pendulum. In the report of the Astro- 
nomical Society, published in February, 1854, it was announced 
that " The various difficulties which occurred from time to time 
in the mechanism of the barrel or smooth-motion clock, used for 
giving motion to the cylinder on which will ultimately be 
recorded the transits made with the transit-circle and altazimuth, 
according to the American method of self-registration, have been 
overcome. It now carries the cylinders put in connection with it 
TN^ith perfect regularity, its rate having all desirable steadiness." 



TELEGEAPniC LINES OF THE ITNITED KINGDOM, 

271. The telegraphic lines established throughout these countries 
have been constructed altogether by private companies, chartered 
or incorporated by the legislature. The total extent of lines in 
actual operation in the beginning of 1854, was a little more than 
8000 miles, upon which about 40000 miles of conducting wire 
were laid, which would give an average number of five conduct- 
ing wires over the entire telegraphic net- work. 

272. This vast machinery of electric communication has been 
erected by five or six different companies, but the chief part of it 
by two — ^the Electric Telegraph Company, and the English and 
Irish Magnetic Telegraph Company : the former possesses nearly 
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4500 miles of line, and more than 24000 miles of wire ; and tlie 
latter 2200 miles of line, and 13000 miles of wire. 

The capital of the former is nearly 800000/., and that of the 
latter 300000/. 

It is estimated that the total amount of capital invested in the 
telegraphic lines of the United Kingdom may amount to about a 
million and a half sterling. 



THE ELECTKIC TELEGEAJH COMPAlTr, 

273. This company was the earliest established, and was in 
operation for four years without any rival whatever, and for six 
years without any real competition. These circumstances will 
explain the large proportion in which the extent of this company's 
lines exceed all others. 

The consequence of the exclusive possession of this important 
machinery of intercommunication combined with the want of all 
experience as to the extent to which the public in general might 
be disposed to avail itself of the advantages offered to them, was 
naturally and very excusably the establishment of a high tariff. 
The use of the telegraph was regarded, so far as related to private 
individuals, as a luxury rather than a necessary of social life, and 
so far as related to men of business, as an expedient likely to be 
resorted to only in cases of the most pressing urgency : conceding 
the justice of these views, a high tariff was not only defensible, 
but absolutely necessary to the protection of the interests of those 
who had invested their capital in the enterprise. 

Time, experience, and habit, on the one hand, rendered the 
public familiar with the uses of the telegraph, and created a 
greater disposition to profit by it for the ordinary purposes of life ; 
and on the other, supplied to the Company liiat experience of 
which its managers stood in need, and enabled them, without 
imprudent risk, to develop liberal and enlightened views in 
the commercial management of the enterprise. Gradual reduc- 
tions were made in the tariff, which were farther stimulated 
by the establishment of competitors ; and a standard of tariff 
has been established which, as will presently appear, can leave 
no reasonable ground of complaint as compared with those of 
other countries. Whether a still further reduction and a nearer 
approach to the principle of the imiform postage system would 
not benefit the companies as well as the public is a question 
that time and experience alone can solve. 

274. The following table, for which we are indebted to the 
Board of Directors of this company, shows the extent of its lines. 
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37S 


















7H 


















33 




4 










Fateham to Gosport . 




'9 














Waterloo to Nine Elms . . 




4 




3 














'Hi 




8 






i 




Foole Junction to Foole . 




7i 










3 






30I 




' 











HAMB OF EAILWAT. 


!i 


1 


1 


1 


I 


j 


] 




«' 


z 


s 


J- 




i 


i 








B 










Btockenharat to 0«bntM . 


64 


1 


4 


























Mancli6Bt«r to SheffielJ . 


i6s 




10 










Denting W Gluasop .... 


4 














Sheflisld tJ Kew Ilollan.l . 


ijii 














Ulceb; to Oreat Gnaub; . . . 


>9i 














LincolQ to Bunetbj .... 


59 




6 










Woodhead to Dunfard .... 


6 














MiRTPORT iSD OiBtilBltB MILV4I. 
















C»rMe to Marjport . . 


S6 




9 






S 




















DwbjtoKogbj . . . . 


146* 














Derby to Peterborongh . . 


3633 




9 






6 






'59 














Uellon Uowbnf to Stamford . . 


5° 














Derby to LincDln .... 


146 




4 






4 




Derby to Sswley 


6 














Derby to Normanton . 


441 




>S 










NormantoD to Leeds .... 


7S 




7 






3 




Leeds to Bradford . . . . 


4> 




S 






4 




Leedi to Skipton 


78 




7 






6 




Apperley to Sbipley Cabin 


H 














Skipton to Lancaster .... 


78 














Hamlet tu HnuElet Junction 


o| 














Hnnil«t Jonetion to Waterlane . . 


<=i 














abeffield to Masbro' .... 


15 














Derbr to Willington .... 


'3 














Derby to BinninBHam 


io6i 










5 




Binninebam to GloHceater . , . 


37' 




14 






6 




Lickey to BromBgrove 


















150 




3 


























Newport to Blaina .... 


39 




7 










Newport to Pontypool 


>7 




3 










EiscH to Nine Mile Point . . . 


»i 














AberbeeetoEbbwTrie . . . 


si 






























damden to Stepney .... 


70 














Bow to Poplar .... 


3 




3 










Colwich to MaccIeiEeld 


J08 




Included above. | 


Colwioh to Slone .... 


46 




3 








Norton Bridge to Stone . . . 


I'i 














Stone to Sioke .... 


49 




3 










Stoke to Loco Vorki .... 
















Stoke to Button .... 


»li 




4 






■ 





Stoka to Newcastla-undGr-L 
Stoke to Horecuatle . 
Stoke to HorecasUe Tunnel 
Stoke to Crewe 
Stnke to North Rode . 
North Rode to H&cc!etMd 
North SoJe to 0th)xeter 
Bocester to Ashbourne 

□XmiU), RORCESTER, k 

Worcester to Jhidley 
Dadley to Wolverhamptoi 



Shrewahnrj to Wolverhampton 
Slireirabury to Stnfford 



Cheater to Bhrewsbnry 
TV hent«1ieBf Branch . 
Osweatiy Braneh . 



ShrewEbory to Horeford 
Ludlow Rwa-couras 
LudloA' Tmuiel 
Diniuorf Tunnel . 



Hereford Station 



I Orange Conit to Ilopehrool: 

I EiPter to Plymouth . 
j Mewton to Totaeas . 

Ncirton to Torquay 
I Totneas to KingsbridgB 
I Ftymouth to Kiugsbi-idge 



I Peuxaace to Truro . 

London to Strood 
London to Greenwich 
Loudon to Observatory 
LondoQ to Tnnbridgo 
Tunbridge to Paddock Wood 
Piddock Wood to Maidatona 
Paddock Wood to Doyer 



3, For time signkls. 



NAME OP EAILWAT. 
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i 


1 
1 




1 

1 


i 


i 

•3 




" 


" 


i" 


^ 


J- 


^ 


d 


FolkstoDfi to Harbonr 


6 


6 


3 






3 




AsUfonl to Margnle .... 


J 01 


3 


s 






1 




Miuater to Deal .... 


»7 


3 


J 






3 




Aaliford to HnatJngB .... 


S4 




6 






6 




TantiridgB to KolierfB Bridge . 


84 










S 




Eobert's Bridge to Haxtinga . . . 


2+ 


a 


3 






3 




Brighton J aoctioa to Hustings . 


6 


a 


3 






3 




EricUayera- Anna to Jnnction . . 


4 
















76 




4- 










STuOfocd to RBadiog .... 


S4 




7 










Merrtham Tionel to BedhiU . . 








4 




4- 




Ifedhill to Signal Pole .... 


oi 


' 








1 




Betcott to Walaall . . . ' . 


7l 


5 


3 






a 


1 


Bescott to Oreat Bridge . . . 


6 














Qrent Bridge to Dudley . 


6 


3 








3 






T04 




=' 












647 


4 


35 


















6 




6 




lEnnnel west of LandurE 
















3.N.wirafmmaw.toTaffValeRailwaj 


°i 














LooptoSwansea • . . . . 


'4 


S 












CardiffDncks 


s 














Qloneeater to Grange Court 


'5i 


* 


' 










Cardiff Docks to Merthyi- .' . . 


49 


a 


5 










Abcrdare to Aberdare Junction . 


Hi 




a 


























Neatli to Merthji- . . . . 


4G 




s 










Hirwain to Abenlare Junctian . 
















Meiiiyr to end of Tunnel . . . 


» 


' 




2 




» 




Marjport to WhitdiaTen . 


34 


3 


^ 






^ 




lORK, KEWCASTIB, AKB BEKWICE 
















Tori to KewcaBtle '. . . . 


E74 


10 


iS 


'3 


I 


'9 


, 


Dai-lington to Nowcaatls . 


4^3 














Darlington to Station on Stockton Line 


>3 
















'4 














Dalton to Darlington 


s! 














Belmont to Durham . . ■. . 




6 


4 










Belmont to Fence Honsea . 


3i 










4 




Brookley Whina to Boult Shields . . 


14 










J 




Newcastle to Brockloy Whins . 


47 i 


5 


Inclu 


od 


below. 


Brockley Whina to Sunderland . . 


3S 








3 1 


Newcaatle to BerM'ick 


399 


6 


3 




'1 



NA31E OF KAIIWAT. 


1 


1 


r 


r 

5™ 


i 


i 


I 


Neweaitle to Benton . . . ■ 
NewcsBtU to Tjaemouth . 
Helton to Alnwick .... 
Fatfield to Washington 

Sklelda Drops to Sunderland Dock 

HarrowgatB to Cliurcli Penton . 
Hull to Milford Junction . . . 
Bridlington to Holl .... 

Surton Salmon to QuUeford 

Milford Junotoa to Burton Salmon 
Milford Junction to York . . . 
York to Button Salmon . 

EDIKHUSaH, PERTH, AHB BCanEE. 

Lidjbank Jnnotion to Perth . . 

Edinbnreh U> GUsgow .... 
Edinburgh to GreoDbiU . . . 
Cowlaira to Hnt Tnnnel end . 
Haymarket to Edinburgh Tunnel end . 

DDSDEE iKD iBBEOilH KilLWAY. 

Dundee to Broughty .... 
Tiiy Port Suhm!irine cable . 

PDrtobello to Hnt .... 
Tunnel 

Greenhill to Perth . , .' . 
1 llEiBopoLiTiR SrinoKa . . . 


4 
lE 

8 

i 

483 
77i 

?! 

4 
'59 
3!-l 

9 

346* 
IzaydB 
i8o 

500 


I 
I 

6 

3 

4 


4 

I 
1 

5 

9 
71 


Bin 


Ud 

5 


7 
S 

7 


s 



275. According to the tariff, as last arranged by the Electric 
Telegraph Company, all mes&ages consisting of not more than 20 
words are transmitted to distances not exceeding 50 miles for 
Is., to distances not exceeding 100 miles for 2a. Sd., and to all 



TBLEGRAPHIC LINES. 

greater distances for 5». For each additional ten words, or frac- 
tion of ten words proportionate charges are made. 

In certain exceptional cases the shilling charge is extended to 
much greater distances than 50 miles, and the half-crown charge 
to much greater distances than 100 miles. These exceptions 
include towns of the highest commercial and manufacturing 
importance, with which a large telegraphic business must always 
be transacted. Thus, between London and Birmingham (112 miles) 
the charge is only 1«., and between London and Liverpool (210 
miles), London and Manchester (180 miles), London and Carlisle 
(309 miles), the charge is only 2». 6d. 

The charge for transmission is of course increased in proportion 
to the length of the message, but the daily experience of the 
telegraphic offices demonstrates that, with the exception of reports 
transmitted to the newspapers, the average length of the messages 
does not much exceed twenty words. I have obtained a return of 
the lengths of 74 messages transmitted, without any particular 
selection of subject, the total length of which, exclusive of the 
address, is 1151 words. The total length of the addresses is 540 
words. This gives for the average length of the messages 15| 
words, and of the addresses 7J words, the average length of 
the messages, including the addresses, being therefore a little 
under 23 words. 

Besides the convenience offered to the public by the transmis- 
sion of messages to the various stations throughout the country, 
this Company has established a system of metropolitan inter- 
communication by means of seventeen branch stations in con- 
nection with each other and with the principal station at 
Lothbury. These stations are dispersed through the metropolis 
at points which have been found to be the most active centres 
of intercourse. They include the eight railway stations^ the 
London Docks, Mincing Lane, General Post-office, St. Dunstan's 
Church, "West Strand, Great George Street Westminster, St. 
James's Palace, Knightsbridge, and the Marble Arch, Hyde- 
park. Of these the stations on the "West Strand, and the Eastern 
Counties Railway, Shoreditch, are open day and night. 

Messages of 20 words are transmitted between any two of these 
metropolitan stations for Is, 

In all cases the charge for the telegraphic message includes its 
delivery at the place of address, provided that such place be within 
a radius of half a mile round the station, 6d, being charged for 
c<')ch mOe additional, and no charge is made for the addresses of 
the sender or receiver. 
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CHAPTEE XIT. 

Electric Tdegrapli CompaLj's present tariff (continued). — 276. Mugnetio 
Telegraph C^pftaj. — 277- Chartered Subnuuine Company. — 278. The 
Submarine Telegitiph Company, between Prane« and England. — 279. 
European and American Telegraph Company.— 280, Origin of tho 
anbniarine companies' enterpriaeB. — 281. Wonderful celerity of inter- 
national oorrespondence.— 282. Organiaation of electric communicatioiu 
with the Continent.— 283. Uedii^rranean Siectric Telegraph Company. 
— 284. Q«neral table Ehowing the pi&ces on the coutioent of Europe, 
which are in electric connectioD with each other, and with England, uid 
the coat of despatches sent between them severally and London. — 
2S5. Telegraphic lines in the United States.— £86. Vast projects in 
progren or contemplation. 

AccosDisa to the half yearly balance sheet of the company it 
appears that in the six months ending December 31, 18S3, the 
LASDim'B MnBEDii or Scibbcb. i 113 
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THE ELECTRIC TELEGRAPH. 

gross revenue amonntcd to 56919/., and that the dividend was 
7 per cent, per annum on the capital. 

The receipts would represent an average daily business of 
about 6200 shilling messages. 

This company possesses the English patent of many forms of 
telegraph, including those of Bain. It works, however, chiefly 
with the double needle telegraph, impelled by currents from the 
ordinary plate battery of zinc and copper, excited by acidulated 
water. The transmission of each despatch, consequently, occupies 
two conducting wires, and two batteries with their accessories. 

On certain lines, as for example between London and Liverpool, 
the instrument of Bain is used. This is attended, as compared 
with the needle instrument, with two advantages ; first, that it 
requires only one line wire ; and secondly, that it writes its own 
despatch. With the needle instrument two copies of each despatch 
must be made, one to be delivered as addressed, and the other to 
be retained by the office. In using Bain's method, that which is 
written in telegraphic cipher by the instrument is retained by the 
office, so that the time of one clerk is saved. 

In the organisation of its establishment, the Electric Telegiaph 
Company have made an innovation on our national customs, which 
cannot be regarded as otherwise than happy and judicious, by 
rendering electro-telegraphy the means of enlarging the sphere of 
female industry in this country. In no part of the civilised world, 
— except perhaps the United States, where our customs have been 
retained, — are females excluded from so many employments suited 
to them, as in England. In France they are extensively employed 
as clerks in various branches of commercial business. As money- 
takers or ticket-sellers in railway offices, theatres, concert-rooms, 
and in short in all public exhibitions they are engaged, to the 
entire exclusion of the other sex. As box-keepers and box-openers 
in all the theatres, and in numberless other occupations in which 
no bodily labour is needed, they are preferred to men. 

Now the working of telegraphic instruments, and the general 
business of telegraphic offices is precisely the kind of occupation 
for which they are best fitted, and we notice with great pleasure 
the independent and enlightened step taken by the Electric 
Telegra{>h Company in their employment, which it may be 
hoped will prove only the commencement of a general movement, 
having a tendency to improve the condition of that portion of 
the sex who are obliged to seek the means of living by their 
industry. 

The battery department is not one of the least interesting 
objects presented in the Lothbury establishment. The cellars of 
the buildmg are appropriated to this generator of olectrio currents. 
114 
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They consist of two long narro-w vaults, in wliicli upwards of 300 
batteries are arranged, consisting of various numbers of pairs of 
plates, six, twelve, and twenty-four, adapted to carry smaUer and 
greater distances. 

The entire amount of voltaic power employed by this com- 
pany throughout the country consists of 96000 cells composed 
of 1,500000 square inches of copper, and an equal surface of zinc. 
These are kept in action by the consumption of six tons of acid 
annually. 

In the half year ending 31st December, 1851, the paid up 
capital of the company was augmented, and the tariff for the 
transmission of messages was reduced in the large proportion of 
50 per cent, upon its original rate. The extent of the line was 
increased 8 per cent., and that of the conducting wires nearly 35 
per cent. The average number of wires upon the lines was 
augmented by this change from 4 to 5. The effect of this, and 
the gradual increase from month to month in the next half year 
was an increase of above 60 per cent, in the amount of business, 
and nearly 13 per cent, in the receipts, the dividends having been 
augmented from 4 to 6 per cent. 

Among the more recent improvements in the transaction of 
telegraphic business which have been made by this company, the 
following may be mentioned. 

" Franked message papers," pre-paid, are now issued, procur- 
able at any stationer^s. These, with the message filled in, can be 
dispatched to the office when and how the sender likes ; and the 
company intend very quickly to sell electric stamps, like Queen's 
heads, which may be stuck on to any piece of paper, and frank its 
contents without any further trouble. Another veiy important 
arrangement for mercantile men is the sending of " remittance 
messages,'' by means of which money can be paid in at the central 
office in London, and, within a few minutes, paid out at Liverpool 
or Manchester, or by the same means sent up to town with the 
like dispatch from Liverpool, Manchester, Bristol, Birmingham, 
Leeds, Glasgow, Edinburgh, Newcastle-on-Tyne, Hull, York, 
Plymouth, and Exeter. There is a money-order office in the 
Lothbury establishment to manage this department^ which will, 
no doubt, in all emergencies speedily supersede the government 
money-order office which works through the slower medium of the 
post-office.* 

♦ Quarterly Review, No. CLXXXIX., p. 149. 
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THE MAGNETIC TELEGRAPH COMPANY. 

276. This Company has constructed lines connecting tlio fol- 
lowing principal places by means of the submarine cable, extended 
between Donaghadee and Port Patrick : — 



London. 

Birmingham. 

Manchester. 


Portpatrick. 
Donaghadee. 
Belfast. 


Kildare. 
Carlow, 
Thurles. 


Liverpool. 

Preston. 

Carlisle. 


Armagh. 

Drogheda. 

Navan. 


Tipperary. 

Limerick. 

Waterford, 


Glasgow. 
Greenock. 
Edinburgh. 
Stranraer. 

• 


Dublin. 
Athlone. 
Ballinasloe. 
Galway. 


Mallow. 
Eillamey. 
Cork. 
Queenstown. 



This company has established an underground line of ten wires 
from London to Liyerpool, by Manchester, and one of six wires 
from Idverpool to Portpatrick, and from thence to Belfast. The 
line £rom Belfast to Dublin, and from thence to Cork, with 
branches, is overground on poles. The undergroimd system is 
again adopted from Cork to Queenstown. 

lines are in progress of construction along the Waterford 
and Limerick Railway, and six additional wires aro being laid 
between Dublin and Belfast. 

The instruments used are the needle-telegraph, and chiefly the 
double needle instruments, the current being produced not by 
galyanic batteries, but by magneto-electric machines, on the 
principle patented by Messrs. Henley and Forster (220) improved 
in various details by the Messrs. Bright, the secretary and engineer 
of the company. 

The speech delivered by the Queen on opening the parliamen- 
tary sessiAof 1854, was supplied verbatim to the Belfast journals 
at 2 h. 25 m., to those of Dublin at 2 h. 40 m., and to those of 
Cork at 3 h. 20 m. on the afternoon of its delivery. 

The tariff is regulated upon principles similar to that of the 
Electric Telegraph Company. 

Although this company was not incorporated until the middle 
of 1852, it has now (July, 1854) upwards of 2000 miles of tele- 
graphic lines, and 13000 miles of wire in active operation, and 
from the rapid progress it has hitherto made, and its power to 
extend its capital of 300000/. to 600000/., it is probable that ere 
long its scale of operation will be much further extended, to the 
great benefit of the public. 
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SUB3IAEIXE COMPAJTIES. 

277. The Chaetered SuBMAniyE Telegeaph Company be- 
tween Great Britain and the Continent has been formed with a 
nominal share capital of 150000/., of which the half has been for 
the present reserved, the actual amount of the subscribed capital 
being only 75000/. 

The operations of this company have hitherto (1854) been limited 
to the establishment of electnc communication with Belgium, 
by means of the caUe already described, connecting Dover with 
Ostend. 

This company has recently coalesced with the Submarine Tele- 
graph Company. 

278. The Submaeixe Telegeaph CoMPAjrr between France 
and England has a nominal share capital of 100000/., of which 
about 75000/. have been subscribed and expended, the shares 
representing the remainder being still unallotted. The opera- 
tions of this company have been limited to the establishment of 
electric communication between France and England, by means 
of the submarine cable laid between Dover and Calais. 

279. The Eueopean and Ameeican Electeic Telegeaph 
Company has been established to form a link between the cables of 
the two submarine companies, and London, Manchester, and Liver- 
pool, and intermediate places. This company has laid underground 
wires from Doyer to London, and from London by Birmingham 
and Manchester to Liverpool. Of this line, the first section between 
Dover and London was opened for public correspondence on Ist 
l^ovember, 1852, and has since been in constant operation. Of 
the remainder, 190 miles were completed on 1st March, 1854, 
passing through Birmingham, Wolverhampton, Stafford, and 
Macclesfield, to Manchester. The remaining 30 miles to Liver- 
pool has been since completed, and the entire line is now in 
operation. The total cost of this line, with its accessories, has 
been 100000/. 

By an arrangement between this and the Submarine Company, 
aU despatches between the offices of the latter from the Continent 
are transmitted upon the lines of the former, being delivered and 
received at the offices of the latter. In fact, so far as the public 
are concerned, the continental correspondence going or coming by 
France or Belgium is transmitted by these three companies, acting 
in common and as a single administration. Offices for correspon- 
dence between England and the Continent are established in 
London, Birmingham, Manchester, Liverpool, Gravesend, Chatham, 
118 



SUBMARINE COMPANIES. 

Canterbury, Deal, Dover, Calais, Paris, Brussels, and Antwerp ; 
despatches, however, being forwarded to England from all con- 
tinental stations. 

The tariff for all single messages between London and the 
Continent is 8«., in addition to the Continental charge for trans- 
mission between the Continental station to or from which the 
message is transmitted, and Calais or Ostend. If the message is 
sent to or from any provincial town (except Dover), there is an 
additional charge for its transmission between London and such 
town. 

280. The originators of the novel and bold project of submarine 
electric communication are stated to be the Messrs. Jacob and 
J. W. Brett, brothers, of Hanover-square, London. Their first 
propositions were addressed to the English government,' and were 
directed to the deposition of a submarine cable between Holyhead 
and Dublin, which they offered to undertake if the government 
would make them a grant of 20000/., for which, of course, the 
State would have for public purposes the free use of the line. 
This offer was declined. 

The next propositions, addressed to the French and Belgiaiv 
governments, were attended with more success. An exclusive 
privilege was granted by both governments, to which the English 
government acceded for the use of such submarine conductors as 
the parties should succeed in depositing, and in consequence of 
this, the companies were formed, by which the project has since 
been realised, and the cables already described between the 
English coast near Dover and the coasts of France and Belgium, 
near Calais and Ostend, were laid, by whiah London, Paris, and 
Brussels have been brought into and now are in instantaneous 
electric communication ; and through these capitals the whole 
Continent, wherever telegraphic wires have been established, has 
been put in connection with the United Kingdom. 

281. The actual celerity with which correspondence can be 
transmitted between London and parts of Europe more or less 
remote, may be judged from the fact that the Queen's speech, 
delivered at the opening of the parliamentary session of 1854, 
was delivered verbatim and circulated in Paris and in Berlin 
before her Majesty had left the House of Lords. 

Messages have been sent from the office in Comhill to Hamburg, 
Vienna, and, on certain occasions, to Lemberg, in Gallicia, being 
a distance of 1800 miles, their reception being acknowledged by 
an instantaneous reply. • 

282. It is satisfactory to be able to state that measures are being 
taken by many of the most important continental states to extend 
the benefits of telegraphio communication by multiplying the 
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stations, by increasing the number of conducting wires, and by 
lowering the tariff. 

The electric communications with tho continent may now bo 
considered as secure from all chance of interruption. Accidents 
from the dragging of anchors may occur, by which any one of 
the submarine cables may be disabled for a time, but in that caso 
the communication with the continent will be maintained by either 
or both of the others, such a coincidence as the simultaneous 
disabling of all the three not being within the bounds of mora} 
possibility. 



MEDITEREANEAX ELECTEIC TELEGEAPH COMPANY, 

283. Another company has been formed by the spirit and 
enterprise of the Messrs. Brett, under the auspices of the gpovem- 
ments of France and Piedmont, for connecting the coasts of 
Europe and AMca by electric wires, in the manner already 
explained (84). This company is formed with a share capital of 
300000/. An exclusive privilege for fifty years has been granted 
to it by the two governments, and a guarantee of interest of four 
per cent, on 180000/. is given by the French, and 5 per cent, on 
120000/. by the Sardinian Government. 

This enterprise is now (1854) in rapid progress of realisation, 
several hundred men being occupied in constructing the lines 
across the islands of Sardinia and Corsica. It is expected that 
the lines to the coast of Africa will be completed and in operation 
soon after these pages will be in the hands of our readers. 

While we write these lines (June, 1854) we learn that the cable- 
has been laid between Spezzia and Corsica, and between Corsica 
and Sardinia, and is already in successful operation. 

The condition and form of the bottom between coast and coast 
has been ascertained by soundings, and is found to present no- 
obstacles, being free from any considerable inequalities of depth. 
The conducting wires within this cable have received a special 
form, the advantage of which is, that in case of the cable being 
bent by any accidental inequalities of the bottom, or accidents in 
the process of its deposition, the wires will not be strained, but 
will easily yield as a spiral spring would. In the cables already 
laid, it has been found that some of tho wires have been more or 
less injured from this cause, so as to render their performance 
unsatisfactory. 

The weight of this cable is at tho Ate of 8 tons per mile. It 

contains six conducting wires, each of which is covered with a 

coating of gutta porcha, and the whole is surrounded with hemp,. 

properly tarred, so as to form a compact rope, which is finally 
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enclosed liko thoso already described in a compound heliacal 
armour of twelve galvanised iron wires. 

Until the cable and wires destined ultimately to connect 
Alexandria with Sardinia can be completed, it is intended to 
establish a special line of steamers between Malta and Sardinia, 
so as to be enabled to transmit intelligence instantaneously from the 
centre of the Mediterranean to London, Paris, and all parts of 
Europe. Two mercantile houses, Messrs. Eubattino and Co., of 
Genoa, and Messrs. Antonio Galea and Co., of Malta, have 
undertaken conjointly to place two steamers to run between 
Malta and Sardinia, to take the despatches coming from the East^ 
to be transmitted to Paris and London. 

It is intended, however, meanwhile, to connect Malta by a cable 
with the nearest point of the African coast, and by this, and an 
underground line of wires to Bona, to establish an electric com- 
munication with Sardinia, and thence with London. 

284. In the following table, collected from the most recent 
reports, are shown the telegraphic stations established in various 
countries of Europe in July, 1854. Annexed to each place is the 
charge at which a single message is transmitted between it and 
London. Of this charge 8s. is the part applicable to the transit 
l)etween London and Calais or Ostend, the remainder being the 
cost of transmission between one or other of these places, and the 
continental station. A single message cannot exceed 20 words if 
transmitted by Calais, or 25 words if transmitted by Ostend. 
The charge is increased in a two-fold ratio for messages which 
exceed this number of words, but which do. not exceed 50, and 
in a three-fold proportion for such as exceed 50, but do not 
exceed 100. In general, messages exceeding 100 words are not 
transmitted. 

In some cases a message may be transmitted by different routes 
at the option of the person sending it. Thus, for example, a 
message to Yicenza may be sent vid Baden, vid Bavaria, vid 
Switzerland, vid Sardinia, or vid Belgium. The cost of trans- 
mission in such cases varies with the route chosen. In all such 
oases the charge given in the Table is the lowest of those at which 
it con be sent. 

The tariff by way of the Hague is not included in this Table. 
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FHBNCH STATIONS, »fc. 


«. d. 


FEENCU STATIOHS, vk. 


s. d. 


ToAbbkvu.lk 




ToLorient 


'S ° 


,. Ab^." 


M 


,.LyoD» 

„ Macon 


16 
"S 


„ Angera 




„ Mans (le) 


ij 


„ AJiEonieme 


15 6 


„ MareeiUee 


iS 6 


„ Arras 


IQ 6 


„ Melnn... 




„ Auch 


17 e 


„MeU 


13 6 




13 6 


„ Mont-de-MarBfla 


>7 6 


,. Avignon 


17 6 


„ Moutpellier 


iS □ 


„BAB-1E-Dnc 




„ Moutauban 


17 


,, Bajonne 


.1 


„ Montbrison 


'S 


„ BeauTflis 




„ Moulbs 


4 6 


„ Behobie 


Is 6 


„ Mulhouae 


IS 




'1 ° 


,, NiKTES 


14. 6 

It t 


„ BeiWrea 

„ Bloia 

„ Banlcaui 

„ Bonlogne-aur-Mtr ... 


ig 
16 6 


„ Najicj 


„ BonrgcH 

„ Brest 


■S ° 


„ Niort 

„ ORlKiBS 


•i 
13 


,, CiSB 








„ CihorB 


A 6 


„ Pakib 




Calais 


9 


,, Pau 


iS 




■ S 


„ Feriguem 


16 


'' CettB 


iS 


„ Perpignan 


iS 6 


„ Chnloaa-BDT-Marne -,. 


12 6 


„ Poictiera 


It 6 


„ Chalons-aur-Sacne -. 


15 Q 


„ Privas 


16 6 


,, Cbsrtrea (Eure et Loir) 


>z 6 


„ QuruPEB 
















,, Rbsbes 




,, Cherbourg 




„ EooLefort 


IS 6 


,, ClenooEt Feirand ... 


15 6 


„ Roubali 


10 6 


„ Oolmar (Alflace) 


1+ 6 


„ Konen 


II fi 


„ Creil 


II 6 


„BiimQ)raKMB 


II 6 


„ Dmfpb 

„ D\jou 

„Duuai 

,, Dnuraienan 


',1 6 
iS 6 


„ St.Etienno 

„at.io 

,, St. Omer 


16 

11 6 

H 6 


„ Dnntirk 


!□ 


,, TAKfisa 


Ig ., 


,, EvBKni 


11 


,, Tonnerre 

„ ToDlon 


•1 6 


„ Foix 


ig 6 


„ Todinse 




„ Qkmobls 


16 6 


„ Tonrs 

„ Troyes 


14. 
IJ 


„ a*TaH 


11 


„ VitBNOlKBNES 




,. lUON 




„ Valance 


16 6 


„URcehe!le 


■ 5 6 


„ Vaanes 


H 6 


„ LiUa 


10 6 


„ VereaiUes 


,, Liidogea 


IS 6 


„ Voaonl 


14 6 
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TO 


a. d. 


TO 




s. d. 


TO 


8. d. 


Arau ... 


20 


Brunswick 




20 


Ghent 


10 


Aarbourg 


20 


Brussels 




12 


Giessen 


18 


Adelsberg 


22 


Buhler... 




22 


Glaris ... 


22 


J^61 vf • • « • • • 


10 


Carlsrdhe 




14 


Glognitz 


22 


Agram..* 


22 


Casale ... 




24 


Gorlitz 


22 


Airolo 


22 


Cassel ... 




18 


Gospich 


22 


Aix-la-ChapeUe 


16 


Charleroi 




12 


Gotha 


18 


Alexandria (Sar.) 


24 


Chaux de Fends 


22 


Goritz 


22 


Alstatten 


22 


Chemnitz 


• • • 


20 


Gratz 


22 


Altenbourg ... 


20 


Chiasso 


• V • 


24 


Haarlem 


16 


Altona 


24 6 


CiUy ... 


• •• 


22 


Hagenau 


22 


Altorf ... 


22 


Coire ... 


• ■ • 


22 


Hague 


14 


Amsterdam ... 


16 


Come ... 


• • • 


18 


Halle 


20 


Andermatt 


22 


Courtrai 


• • • 


10 


Ham ... 


18 


Ansbach 


18 


Coblentz 


• •• 


18 


Hamburg 


22 


Antwerp 


12 


Cologne 


• • • 


16 


Hanau ... 


18 


Amheim 


16 


Copenhagen 


• • • 


24 6 


Hanover 


20 


Appenweier 


ig 6 


Cracow 


• • • 


24 


Harburg 


22 


Aschaffenburg... 


16 


Dahtzio 


• • • 


24 


Hasselt 


12 


^^SuL ... ... 


22 


Darmi^^t 


• • • 


15 


Hattmgen 


14 


^ ull ... ... 


12 


Delemont 


■ • • 


20 


Heidelberg 


14 


Augsburg 


18 


Delft ... 


• • • 


16 


Heilbronn 


16 


Badem, Baden... 


14 


Dessau... 


• • • 


20 


Herisau 


22 


Baden (Swiss)... 


20 


Deutz ... 


• ■ • 


16 


Hermanstadt ... 


26 


JjatLQ ... ... 


20 


Dirschaw 


• • • 


24 


Herzogenbuchsee 


20 


Bambnrg 


18 


Dordrecht 


• •• 


14 


Hoi ... 


20 


Bautzen 


22 


Dresden 


• • • 


20 


Hohenschwangau 


18 


Bellinzona 


22 


Dinglingen 


• • • 


14 


Horgen 


22 


Bergamo 


20 


Doisbourg 


• • • 


18 


Inspruck 


18 


Berlin 


22 


Dusseldorf 


• • • 


18 


Ischl ... 


24 


Berne ... 


20 


Empoli 


• • • 


35 


JURBISB 


12 


Berthoud 


20 


Eisenach 


• • • 


18 


Karl-stadt ... 


22 


Beyreuth 


18 


Elberfeld 


• • • 


18 


Eempten 


18 


Bielitz 


26 


Elbing... 


9 • • 


26 


A,eii ... ... 


14 


Bienne 


20 


Elsineur 


• • • 


24 6 


Kissengen 


18 


Bodenbach 


20 


Erfurt ... 


• • • 


20 


Elageiiurt 


22 


Bologna 


26 


Essek ... 


• V • 


28 


Klausenberg ... 


30 9 


Bbrgoforto 


24 


Feldkibk 


• • • 


18 


Kohlfurt 


24 


Botzen (in Tyrol) 


20 


Flawyl... 


• • • 


22 


Konigsbeig 


26 


Brain-le-Compte 


12 


Flensburg 


• • ■ 


24 6 


Korsor 


24 6 


Breda 


14 


Fleuner 


• • • 


22 


JVOdcX « • • • • • 


24 


Bregenz 


18 


Florence 


• • • 


36 6 


Kothen 


20 


Bremen 


20 


Fossano 


• • • 


22 


Ereutz 


24 


Brescia 


20 


Frankfort on 


M. 


15 6 


Eufstein 


20 


Breslau 


22 


Frankfort on 


0. 


22 


Laibaoh 


22 


Brigg 


22 


Frauenfeld 


• • • 


22 


Landau 


14 


Brixen 


20 


Fredericia 


• • ■ 


24 6 


Tjanden 


12 


Bromberg 


26 


Pribourg (Swiss) 


22 


Landshut 


18 


Bruchsal 


14 


Friburg (Bad 


len) 


14 


Langenthal 


20 


Brugelette 


12 


Friedrichshafen 


16 


Lans-le-bourg ... 


20 


Bruges.., 


10 


Gensya 


• ■ • 


22 


Lausanne 


22 


Brugg 


20 


Genoa ... 


• • • 


24 


Leghorn 


34 6 


Brunn 


22 


Germersheim 


I ... 


14 


Leipzig 


20 
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TO 


a. d. 


TO 


9. d. 


TO 


«. a.' 


Lemburg 


26 


Offenbuig 


14 


Saint Tmier 


20 0' 


Lenzbourg 


20 


Olmutz 


22 


Saint Trond ... 


12 


Leyden 


16 


Olten 


20 


St. Jean de Man- 




Lichtensteig ... 


22 


Oos 


14 


rienne 


20 


Liege 


12 


Oppehi 


24 


Salzburg 


20 


Liegnitz 


22 


Orsowa 


26 


Samaden 


24 


Liestall 


20 


Oschersleben ... 


20 


Sarrebruck 


16 


Lindau 


16 


Ostend 


8 


Schiedam 


z6 


JLinz 


20 


Fadebborn ... 


20 


Schaffhausen ... 


22 


Locariio 


22 


Padua 


20 


Schweinfurt ... 


18 


Locle (le) 


22 


Parma 


24 


Schwyz 


22 


Louvain 


12 


Passau 


20 


Semlin... 


26 


Lubeck 


22 


Pays Bas Frr. ... 


12 


Sion ... 


22 


Lucca 


34 6 


Pepinster 


14 


Sienna... 


28 6 


Lucerne 


22 


Pescia 


35 


Soleure 


20 


Ludwigscliafen 


16 


Pesth-Bude ... 


24 


Sonceboz 


20 


Lugano 


24 


Peterwardin . . . 


24 


Spires ... 


16 


Magdebuko ,.. 


20 


Pietra Santa ... 


326 


Spliigen 


22 


Malines 


12 


Pirano 


22 


Stettin 


22 


Manage 


12 


Pisa 


32 6 


Stuttgard 


16 


Mannheim 


14 


Pistoja« 


37 


Siissen... 


22 


Mantua 


20 


Plaisance 


26 


Swinnemunde ... 


22 


Marburg 


18 


Plauen 


20 


Sugedin 


24 


Massa ... 


26 


Poggebonsi 


37 


Szolnock 


24 


Mestre 


20 


PoU 


22 


Tamines 


12 


Milan 


20 


Pontadera 


33 


Tamow 


24 


Minden 


20 


Posen 


24 


Temeawar 


26 


Misocco 


22 


Potsdam 


22 


Termonde 


12 


Modena 


24 


Prague 


20 


Teufen 


22 


Mogadino 


22 


Prato 


37 


Thalwyl 


• •• 


Mons ... 


12 


Presburg 


22 


Thusis... 


22 


Monza 


20 


Przmysl 


26 


Tirlemont 


12 


Morat 


22 


QUIEVRAIN 


12 


Toumay 


10 


Morgiers 


22 


Raoookioi 


22 


Trento 


20 


Motiers 


22 


Ragaz 


22 


Treves 


16 


Mouscrou 


10 


Rapperschwyl .. 


22 


Treviglio 


24 


Mulheim 


14 


Rastadt 


14 


Trevisa 


20 


Munich 


18 


Ratibor 


24 


Trieste 


22 


Munster 


18 Q 


Ratisbon 


18 


Trogen 


22 


Murzzuschlag ... 


22 


Reggio 


22 


Troppau 


24 


Myslowitz 


24 


Rendsburg 


24 6 


Trubau 


22 


Namur 


12 


Rheineck 


22 


Turin 


22 


Neufchfttel ... 


22 


Richterschwyl... 


22 


Udine... 


ao 


Neuhausel 


24 


Riesa 


20 


Uim 


16 


Niederumen ... 


22 


Rotterdam 


14 


Utrecht 


16 


NieuwDiep ... 


17 8 


Rorschach 


22 


TJznach 


22 


Novare 


24 


Rosenheim 


18 


Vbktcb 


20 


Novi 


24 


Roveredo 


20 


Verceil 


24 


Nuremburg ... 


18 


Rovigno 


32 


Verona 


24 


Nyburg 


24 6 


Rzeszow 


26 


Verriers 


14 


Nyon 


22 


Saint Gall ... 


22 


Vevey 


22 


Odebbero 


24 


Sainte Croix ... 


22 


Yicenza 


20 


Offenbach 


16 


Saint Gbislain... 


12 6 


Vienna 


22 
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TO 


8. d. 


TO 


8. d. 


TO 


8. a. 


Wadetischwhl ... 


22 O 


Winterthnr ... 


22 O 


YVKRDUN 


22 O 


Wattwyl 


22 O 


Wittenburg ... 


22 O 


ZOFPINGUE 


20 O 


Weimar 


20 O 


Worms 


l6 O 


Zug 


22 O 


Werdau 


20 O 


Wurzburg 


l8 O 


Zurich 


22 O 


Wesel 


20 0| 

1 


Wyl 


22 O 


Zwickau 


20 O 



*•* 



T?ie above rates are exclusive of the usual charge for Porterage for Delivery of the 
Messages to any part of France. No charge to other places. N.B. — The 
Minimum, length of a Message via Belgium is Twmty-five Words, any other 
rovie Twenty Words. 
The Public are informed that, in order to provide against mistakes in the trans- 
mission of MESSAGES by the SUBMARINE and EUROPEAN TELEGRAPH 
COMPANIES, every Message of consequence ought to be REPEATED, by being 
sent back from the Station at which it is' to be received, to the Station from which 
it is originally sent. — Double the usual price for transmission will be charged for 
repeating the Message to or from any paH of France,' and Half the usual charge 
to or from any other part of Europe. — ^The Company will not be responsible for 
Mistakes in the transmission of unrep^ated messages, from whatever cause they 
may arise. — Nor will they be responsible for Mistakes in the transmission of a 
repeated Message, nor for delay in the transmission or delivery, nor for non- 
transmission or non-delivery of any Message, whether rejietfted or unrepeated. — 
No Message that is unintemgfible can be transmitted to the Continent in conse- 
quence of the regulations of the Foreign Governments. — These Companies reserve 
to themselves the right of refusing all those Despatches which in their opinion are 
imintelligible.-rAll persons sending more than one Message as a Single Despatch 
will be held liable to pay such further sum. in addition to the amount paid on 
transmission, as would have been charged by these Companies if each message 
had been sent separately. 



TELEGRAPHIC LINES IN THE UNITED STATES. 

285. Owing to the rapid progress and unrestricted freedom of 
enterprise in tlie United States, a great number of independent 
companies have been formed, by whicli the vast territory, from 
the Atlantic Ocean to the Mississippi,' and from the Ghilf of 
Mexico to the firontiers of Canada,* is overspread with a net- 
work of wires, upon which intelligence* of every description, and 
personal and commercial correspondence are flowing night and 
day incessantly from year's end to year's end in a torrent of 
which the old continents offer no similar example. It is almost 
impossible to ascertain, even yn\h a tolerable degree of approxi- 
mation, the actual extent of wires which at any given time are 
in operation. When we commence an investigation of the 
statistics, with a view to the collection of facts necessary to 
form the basis of a report, we are overwhelmed with statements 
of lines commenced, lines half completed and nearly completed, 
and many which undoubtedly must be completed before our report 
can come under the eyies of our readers. All that can be done in 
such a case is to give the nearest practicable estimate of the ex- 
tent of these enterprises at a given epoch, indicating in a general 
manner such as are in progress and likely sooner or later to be 
completed and brought into practical operation. 
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The American lines are generally classified according to the 
telegraph instruments with which they work. These are those 
of Morse, House, and Bain, all of which transmit despatches hy 
means of a single conducting wire, and all of which write or 
print the despatches they transmit, those of Morse and Bain, 
in a telegraphic cipher, and that of House in the common Roman 
capitals. 

Of these three systems, that of Morse is in the most general 
use — a circumstance which is partly explained by the fact, that it 
was the earliest adopted, and had established its groimd long before 
either of the competing systems. It must be admitted, that so far 
as public opinion and favour can be accepted as a test of practical 
excellence, the system of Morse has received not only a large 
majority of the suffirages in the United States, but also in the 
northern and eastern states of Europe. 

According to a report published in 1853, the total length of 
telegraphic wire, at the end of 1852, then in operation in the 
United States, was 24375 miles, which was distributed between 
the three systems of telegraphs in the following proportion : — 

Miles 
Morse .... 19963 
House . . . . 2400 

Bain .... 2012 



24375 



It appears by a more recent estimate, published in a report 
presented by Mr. T. P. ShaflOaer to the Telegraphic Conven- 
tion, that in March, 1854, the total extent of telegraphic wire 
then in operation was above 40000 miles, which were thus 
distributed : — 

Miles. 
Morse .... 36972 
House .... 3850 
Bain .... 570 • 



41392 



The decrease of the extent of the Bain lines was owing to the 
coalition of some of the most extensive of them with the Morse 
companies. 

It would thus appear that in little more than twelve months the 
increase of telegraphic wire amounted to 17000 miles. It is pro- 
bable, however, that the estimate which we have quoted of the 
extent in operation at the end of 1852 may have been below the 
actual length. 
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The foUbwing estimate of the capital absorbed by these enter- 
prises is given in Mr. Shaffner*s report : — , 





Dollars. 


Morse lines . 


. 5,645800 


House . 


955000 


Bain . 


171000 



6,671800 

Being equivalent to 1,400000/. 

Except in cases where a great commerce or intercourse prevails, 
each company maintains only a single conducting wire between 
station and station. As examples of the exceptions to this may 
be mentioned, Washington and Philadelphia, connected by seven 
Morse wires ; New York and Buffalo, and New York and Boston, 
by three ; Cleveland and Cincinnati, and Boston and Portland, 
by two. 

In some cases, important terminal stations, such as New York 
and Boston, are connected by the wires of several competing 
companies, which follow, however, different routes, serving different 
intermediate stations. 

The State of Ohio, a tract of country lying between the upper 
part of the river of that name, and the southern shore of Lake 
Erie, the chief part of which, within the lives of the present 
generation, was an uncultivated and uninhabited waste, is now 
overspread with between 3000 and 4000 miles of electric telegraph. 

286. Stupendous as have been the projects actually realised in 
this application of science to the social uses of the United States, 
they sink into comparative insignificance when others, which are 
contemplated, and likely to be executed, are stated. Thus we 
find a report presented to Congress, in the session of 1851, by the 
Post-office Committee, in which a project of a line of electric 
telegraph to California is recommended for ultimate adoption. This 
report says that — 

**The route selected by the committee is, according to the 
survey of Captain W. W. Chapman, U.S. Army, one of the best 
that could be adopted, possessing as it does great local advantages. 
It will commence at the city of Natchez, in the State of Mississippi, 
running through a well settled portion of Northern Texas, to the 
town of El Paso, on the Rio Grande, in latitude 32' ; thence to 
the junction of the Gila and Colorado rivers, crossing at the head 
of the Gulf of California to San Diego, on the Pacific; thence 
along the coast to Monterey and San Francisco. By this route, 
the whole line between the Mississippi River and Pacific Ocean 
will be south of latitude 33® ; consequently, almost entirely free 
from the great difficulties to be encountered, owing to the snow 
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and ice on the northern route, by the way of the South Pass, 
crossing the Sierra Nevada Mountains in latitude 39°. The whole 
distance from the Mississippi to San Francisco will be about 
2400 miles. 

" In a commercial point of view, the line in question assumes a 
gigantic importance, and presents itself not only in the attitude 
of a means of communication between the opposite extremes of a 
single country, however great, but as a channel for impartLog 
knowledge between distant pajrts of the earth. With the existing 
facilities, it requires months to convey information from the smmy 
climes of the East to the less favoured, in point of* climate, but 
not less important regions of .the West, teeming as they do with 
the products of art and enterprise.* Let this line of wires be 
established, and the Pacific and Atlantic Oceans become as one, 
and intelligence will be conveyed from London to Lidia in a shorter 
time than was required ten years since to transmit a letter from 
New York to Liverpool. 

** Nor does the importance of the undertaking claim less interest, 
when regarded in a social point of view. California is being 
peopled daily and hourly by our friends, our kindred, and our 
political brethren. The little bands that a few centuries since 
landed on the western shores of the Atlantic, have now become a 
mighty nation. The tide of population has been roUing onward, 
increasing as it approached the setting sun,- until at length our 
people look abroad upon the Pacific, and have their homes almost 
within sight of the spice groves of Japan. Although separated 
from us by. thousands of miles of distance, they will be again 
restored to us in feeling, and still present to our affections, through 
the help of this noiseless tenant of the wilderness." 

A company is stated to be organised for canying out this vast 
project, with a capital of 5,000000 dollars. 
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CHAPTER XV. 

287- Telegraphic liaea ip British America.— 283. Belgian liDea.—2S 9. Theii 
extent and cost. — 290. Correspondence tranamitted oa them. — 291. 
Lfti^ proporlJon of foreign deepatches. — ^282. Claasificfttioa aod pro- 
portion of despatches. — 293. Tsiiff. — 291. Paris telegraphic coDgress 
and conTsntioii. — 295. Telegraphic inetrumente osed in Belginm. — 296. 
Langaage of deapatchea. — 297. French telegraphic linea. — 298. Inetrn- 
ments used an them. — 299. Their connection irith those of other states. 
— 300. SepetiUan neceasar; at intermediate stations. — 301. Caae of 
despatches betveen France and England. — 302. Advantages of increased 
number of wires. — 303. Of instruments reqvuring onlj one wire. — 304. 
OrganisaUon of the French telegraphic administration. — SOS. Austro- 
Oennanie Union.— 308. Statlona and tariff.— 307. Netherlands tele- 
giapbio Knee. — 308- Swiss telegraphic linea— 309- Italian telegraphic 

i BarnsH America. 

1 operation in 



me of the BrJtisli Commission Bent 
I of 1854, presented a report to 
LABcmB'a HuBicii or Soikhoe, e 129 

So. Si. 
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FarHament, whicli has been published, and which snppUes some 
interesting particulars. 

According to Mr. Whitworth, the most distant points connected 
by electric telegraph in North America are Quebec and New 
Orleans, which are 3000 miles apart, and the network of lines 
extends to the west as far as Missouri, about 500 towns and 
Tillages being provided with stations. 

There are two separate lines connecting New York with New 
Orleans, one running along the sea-board, the other by way of 
the Mississi^, each about 2000 miles long. Messages haye been 
transmitted from New York to New Orleans, and answers 
receiyed, in the space of three hours, though they had neces- 
sarily to be written seyeral times in the cottrse of transmission. 

"Wlien the contemplated lines connecting California with the 
Atlantic, and Newfoundland with the main continent, are com- 
pleted, San Francisco will be in communication with St. John's, 
Newfoundland, which is distant from Galway but fiye days' 
passage. It is, therefore, estimated that intelligence may be con- 
yeyed from the Pacific to Europe, and vice versd, in about six days. 

The cost of erecting telegraph lines yaries according to loca- 
lities, but the expenses upon the whole are estimated to 
ayerage about $180 (36/.) per mile throughout the States; 
the moderate amount of this estimate is, in a great measure, 
to be attributed to the facilities afforded by the general telegraph 
laws for the formation of companies and the construction of lines. 

The electric telegraph is used by all classes of society as an 
ordinary method of transmitting intelligence. 

Ooyemment despatches, and messages inyolying the life or death 
of any persons, are entitled to precedence, next come important 
press communications, but the latter, if not of extraordinary inte- 
rest, await their regular turn. 

The leading newspapers of New York contribute jointly towards 
the expenses of daily telegraphic communications. The annual sum 
paid by the " Associated Press" ayerages $30,000 per annum. 

The following is the tariff for the press despatches : — 

Under 200 miles, 1 cent per word. 
Between 200 and 500 ,.2 
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Assuming three cents as the ayerage, the total amount of matter 
received by telegraph for the "New York Associated Press" 
amounts to a million words per annum, or about 600 columns 
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of a London newspaper of the largest size, averaging almost two 
columns per day. 

Supposing six papers to be associated together, the share of 
each would annually amount to about $5000, or 1000/., for two 
columns of telegraphic intelligence daily. 

Commercial men use the electric telegraph in their transactions 
to a yery great extent. Li 1852 there were transmitted by one 
of the three telegraph lines that connect New York and Boston, 
between 500 and 600 messages daily. The siuns paid on this line 
by some of the principal commercial houses who used it averaged 
in 1852 for each from $60 (12/.) to |80 (16/.) per month. 

On other lines the leading commercial houses were estimated to 
pay from $500 to $1000 (100/. to 200/.) per annum for telegraphic 
despatches. 

Interruptions occur most frequently from the interference of 
atmospheric electricity; in summer fkej are estimated to take 
place on an average twice a week, bnt many contrivances have 
been adopted for obviating this inconvenience, such as lightning 
arresters, &c., which are generally known ; the number of inter- 
ruptions have been thereby reduced about 30 per cent. 

Other accidental causes of interruption occur irregularly from tho 
falling of the poles, the breaking of the wires by falling trees, and, 
particularly in winter, from the accumulated weight of snow or ice. 

The electric current is made to act through long distances, by 
using local and branch circuits, and relay magnets, in those systems 
where it would be otherwise too weak to operate effectually. 

In Mr. Bain's system, a weak current is found sufficient for very 
long distances ; between New York and Boston, a distance of 270 
miles, no branch or local circuit is required. In some cases, where 
both Morse's and Bain's telegraphs are used by an amalgamated 
company in the same office, it is found convenient, in certain 
conditions of the [atmosphere, to remove the wires from Morse's 
instruments, and connect them with Bain's, on which it is 
practicable to operate when communication by Morse's system 
is interrupted. 

It is generally believed that by laying insulated wires under- 
ground the interruptions will be reduced so as to be altogether 
inconsiderable. The expense of the process, however, is regarded 
as a great impediment in the United States, where cheapness of 
construction is an object of the highest consideration. 

The application of the electric telegraph is not confined to 
the transmission of messages from one part of the States to 
another: in the form of a local or municipal telegraph, it is 
employed as an important instrument of regulation and intelli- 
gence in the internal administration of towns. 
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No adaptation of the system can be more interesting and useful 
than that which is made for the purpose of conyeying sig^nals of 
alarm and intelligence in the case of fire. 

This system has been very completely developed in Boston. 

The city is divided into seven districts, each provided with a 
powerful alarm bell. Every district contains several stations, 
varying in number according to its size and population. There 
are altogether in the seven districts forty-two stations. All these 
stations are connected with a chief central office, to wlpch intelli- 
gence of fire is conveyed, and from which the alarm is given ; two 
telegraph wires are employed, a return wire being used to com- 
plete aie cirouit, and provide as completely as possible against 
accidental interruption or confusion. 

At each of the forty-two stations, which are placed at intervals oi 
100 rods throughout the city, there is erected in some conspicuous 
position a cast-iron box containing the apparatus for conveying 
intelligence to the central office. The box is kept locked, but the 
key is always to be found in the custody of some person in the 
neighbourhood, whose address is painted on the box door. 

On opening this door, access is gained to a handle which is 
directed, by a notice painted above it, to be turned slowly several 
times. The handle turns a wheel that carries a certain number oi 
teeth, arranged in two groups, the number of teeth in one repre- 
senting the district, in the other, the station; those teeth act upon 
a signal key, closing and breaking the circuit connected with the 
central office, as many times as there are teeth in the wheel. 
Signals are thus conveyed to the central office, and, by striking 
the signal bell a certain number of times, the district and station 
from which the signal is made is indicated. 

An attendant is always on the watch at the central office, and 
on his attention being caJled to the signals by the striking of a 
large call bell, he immediately sets in motion his alarm apparatus, 
and by depressing his telegraph-key, causes all the alarm bells 
of the seven districts to toll as many times in quick succession 
as will indicate the district where the fire has occurred, the alarm 
being repeated at short intervals for as long a time as may be 
necessary. 

The signal-boxes erected at the stations contain, in addition to 
the signal-handle, a small electro-magnet, an armature, and a 
signal-key, so that full and particular communications can be 
made between each box and the central station, the clicks of the 
armature forming audible signals. They have also an apparatus 
called a " Discharger of Atmospheric Electricity," for preventing 
the occurrence of injuries during thunderstorms. 

By this system certain information is given to the central office 
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at the earliest possible moment of tlie exact locality in which, a 
fire may have broken out, and the alarm is immediately spread 
over the entire city. 

Eyery one who is aroused by the alarm is enabled to tell at 
once whether interest or duty calls him to the scene of action, and 
the exact point to which assistance is summoned. Should the 
alarm be given in the night, those whose attention is awakened 
may ascertain from the tolling of the bell the precise quarter in 
which danger threatens, and should they have been needlessly 
disturbed, may rest in peace, and find in the knowledge that 
they and theirs at least are in safety, a consolation for broken 
slumbejs. 

Telegraph wires in towns are almost universally carried along 
the tops of houses, or on poles erected in the streets, instead 
of being conveyed in pipes underground. So little difficulty is 
met with on the part of proprietors of houses, that telegraph lines 
are in some cases erected by private individuals for their own 
particular use. As an instance, may be mentioned the case of a 
large manufEu^turer in New York, who has an office in one part 
of the city, while his works lie in a contrary direction. In order 
to keep up a direct communication between both, he has erected 
a telegraphic wire at his own expense, and carried it over the 
tops of the houses intervening between his office and his works, 
having obtained without any trouble the permission of their 
various owners. 

BELGIAN TELEGEAPH LINES. 

288. Although in the extent of its territory Belgium is one of 
the least considerable of the Continental States, it derives from 
its position in relation to this country, much importance, so far as 
regards telegraphic communications. By the submarine cable 
between Dover and Ostend, or failing that, by the cable between 
Dover and Calais, Belgium constitutes the most direct stage in 
the telegraphic route to the Northern States. 

The Belgian telegraph lines, as well as the railways, are con- 
structed, maintained, and administered by the state. Separate 
systems of conducting wires are appropriated to the service of the 
nulways, which is performed exclusively with the alphabetical 
apparatus of M. Lippens, already described (202). There are a 
few exceptional cases on branch lines of railway, upon which the 
state has not yet constructed telegraphs for the public service, 
where private despatches are sent by the railway telegraphs, but 
generally an extensive system of independent wires, with their 
accessories, are adapted to this purpose, for which a large corps 
of telegraphists has been formed. 
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289. The gtate telegraph lines, appropriated to the public 
service, have at present (1854) a total length of about 550 miles, 
upon which about 16000 miles of wire have been erected. With 
the exception of some short distances through BrusselSy these 
wires are everywhere suj^orted on posts. 

The total capital absorbed in this establishment is estimated at 
23000/., and the gross annual receipts in 1854, were computed at 
10000/.,* of which the net profit was 3600/., being nearly 16 per 
eent. of the capital. 

Immediately on the completion of the submarine cable betw'ein 
Dover and Ostend, an active daily intercourse between London 
and Brussels commenced, and has since been sustained. The 
eonnections were completed on the 20th June, 1853, and on the 
27th of the same month, 111 despatches were interchanged between 
the two capitals. 

It is proposed to construct wires and apparatus sufficient to 
maintain the communications on this important line, so that even 
with the greatest pressure of business, the public shall not have 
reasonable ground of complaint on acooimt of delay. "A 
telegraphic Hne," observes the Minister of Public Works, ** should 
not be organised with the mere powers which suffice for the 
ordinary or average business, but should be such as to meet the 
exigencies of occasional pressure, without subjecting the public 
to delay, or interrupting other regular business. Besides which, 
it ought never to be forgotten, that in telegraphic business great 
pressure must always come at particular hours, when prompt 
expedition is indispensable. This will be easily understood in the 
business of the Belgian lines, which constitute the route upon 
which the quotations of the money markets of all the great 
centres of affairs — London, Paris, Amsterdam, Berlin, Ant- 
werp, &c. — are transmitted at certain hours." 

290. The business transacted by the Belgian telegraphs con- 
sists of three classes of. despatches. 

Rome despatches, being those transmitted between two Belgian 
stations. 

InteenjlTIONal despatches, being those between a Belgian 
and Foreign station. 

FoBEiGN DESPATCHES, being those transmitted through Belgium 
in passing between two foreign stations. 

Of these three classes of telegraphic business, the second has 
proved to be the greatest in number, and the third the most pro- 
ductive, as appears by the following statement of the results of 
the year ending 31st December, 1853. 

* Report of Minister of Public Works to the Chamber, Feb. 14, 1854. 
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Despatches. 


Number of 
despatches. 


Receipts. 


Number 
per cent. 
Of total. 


Receipts 

per cent. 

Of total. 


Homo . 

International . . 
Foreign 


14160 
20664 
17232 


£1813 
3831 
5227 


27-2 
39-7 
33-1 


16-7 
35-2 
48-1 


Total 


52056 


£10871 


100-0 


100-0 



291. It appears from this statement that about 40 per cent, of 
the despatches transmitted and received in Belgium, are inter- 
changed with foreign countries, and that one-third of all that 
passes oa Belgian wires is matter passing en route between 
foreign places. Nearly half the gross amount received for 
telegraphic despatches is produced by despatches transmitted 
between foreign stations, and only passing en route through 
Belgium. This is explained by the fact that such despatches 
passing always from frontier to frontier, and in the majority of 
cases from Ostend to the Prussian frontier, the entire length of 
the kingdom, pay for the longest class of telegraphic distance. 
This is one of the advantages which the Belgian telegraph derives 
from the geographical position of the country. 

292. To show the proportion in which the telegraphic service is 
shared by different subjects of correspondence, we shall take the 
classified subjects of dispatches of August, 1853, the month in 
which the correspondence was most active. In this month there 
were 5799 despatches transmitted on the Belgian wires, which are 
thus classified: — 



Commerce 

Money market • • . 

Priyate .... 

•Press 

Gorenunent 

Total .... 


Number. 


Per cent. 
9f Total 


3247 

1566 

754 

116 

116 


56 

27 

13 

2 

2 


5799 


100 



In relation to length the proportion was as follows : — 



From 1 to 20 words 
From 21 to 50 words . . 
From 51 to 100 words 
Above 100 words . . . 

Total . 


Number. 


Per cent, 
of Total. 


4741 

921 

122 

15 


81-8 

15-9 

21 

0-2 


5799 


1000 



185 
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Thus it appears that coiomerce and the Stock Exchange. supply 
83 per cent, of the whole telegraphic business, 13 per cent, being 
personal and domestic, and the pr^ss and goyemment each employ- 
ing the insignificant proportion of one despatch in every fifty. 

It is also apparent, that a very small proportion of the despatches 
exceed the length of 20 words, and almost none that of 50 words. 

293. According to the Belgian tariff, messages not exceeding 
20 words are charged 2«. for distances not exceeding 60 miles ; 
4«., from 60 to 140 miles; and 6«. aboye 140. No distances 
^vithin the limits of Belgium exceed 200 miles. 

For messages of 21 to 50 words the charges are doubled, and for 
51 to 100 words are tripled. 

It will be seen that these charges are more than double the cor- 
responding charges on the English lines. 

294. The large proportion of international and foreign despatches 
transmitted upon the Belgian wires, and the necessity of pre- 
payment for despatches, in all cases, to their ultimate destinations, 
rendered it necessary for the Belgian administration of telegraphs 
to make some general arrangement with the principal contiguous 
states, for such an interchange of correspondence. A telegraphic 
congress was accordingly convened at Paris, in September, 1853, 
which was attended by delegates from France, Belgium, Prussia, 
Austria, and the minor German States. A telegraphic conventioin 
was concluded and signed on the 4th of October, 1852, fixing 
definitely a general tariff for all despatches transmitted to or from 
the several States. 

According to this convention, each telegraphic region was 
divided into a series of zones, measured from the Belgian fron- 
tier, according to a series of direct distances (as the bird flies), 
the charges to places in each successive zone, for single 
despatches (1 to 20 words), being fixed at 2«., 4«., 6«., 8«., and so 
on, an increasement of 2«. being made for each increase of distance. 

France is, by this convention, resolved into six telegraphic 
zones, the tariff for single messages being 2«., 4«., 6a., 8«., 10*., 
and 12«. The first zone includes the chief northern towns. 
Arras, Douai, Lille, and Valenciennes; the second, Amiens, 
Boulogne, Dunkerque, &c. ; the third, the chief places in the 
nearer central parts, including Paris, Orleans, Havre, &c. ; the 
fourth, the more distant central parts, such as Chalons, Lyons, 
Strasbourg, &c. ; the fifth, the nearer southern parts, Avignon, 
Grenoble, Bordeaux, &c. ; and the sixth, the most remote southern 
parts, Marseilles, Bayonne, &c. 

The German States, including Lombardy, are resolved into 
eight zones, of which the tariff is 2«., 4«., 6«., 8«., 10*., 12«., 14«., 
and 16«. These zones include the whole extent of Korthem and 
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Eastern Enrope beyond the BMne, as well as the north-eastern 
part of Italy. 

The tariff for single messages crossing the channel, by the Ostend 
submarine cable, is 8«. For these charges, however, they are 
transmitted, if required, to London. 

295. At the chief stations on the Belgian lines, the double 
needle instruments, as used in England, the French State instru- 
ments, and the Morse telegraph, as used in the German States, 
are proyided. By the first the telegraphic correspondence with 
England, by the second with France, and by the third with the 
German States, is carried on. 

296. It is intended generally to receive and transmit despatches 
written at the option of the sender, either in French, German, or 
English, at all the Belgian stations ; but for the present this is 
only done at Brussels, Antwerp, and Ostend. 

Despatches transmitted between Holland and Belgium can be 
transmitted and received in Dutch, and all despatches between 
* Belgian stations may be sent in Flemish. At all stations despatches- 
are transmitted and received in French. 

If the place to which a despatch is addressed be not a telegraphic 
station, the despatch will be forwarded to its destination either by 
post or by a special messenger, at the option of the sender. If 
the former, the postage is lOd., if the place be within the State 
wliere the telegraphic station at which the despatch arrives is 
situate, and 20e?., if in another State. If the latter, a charge of 
lOd, is made for a distance of a Idlomdtre (five furlongs), and 5d, 
for every additional kilomdtre. 

FRENCH TELEGEAPHIC LINES. 

297. Although late in the adoption of this improved agency of 
intercommunication, France, having once commenced, has prose- 
cuted the work with great vigour, and the country is now over- 
spread with a net- work, the extent of which, in actual operation 
at the close of the present year, 1854, will not be less than 600O 
miles. This system is everywhere eirected upon posts chemically 
injected to insure their durability, and there are nowhere less 
than two conducting wires ; but a greater number between all 
stations where an active correspondence is maintained. 

298. The instruments used for the transmission of all home 
despatches, that is, all despatches transmitted between any twa 
French stations, are the French State telegraphs, explained in 
(183). For international dispatches, the double needle and 
Morse's instruments are used. These instruments are provided 
at the central station, in the Ministry of the Interior at Paris. 
The double needle instruments are provided also at Calais, and 
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Morse's instruments at Strasbourg. As the system is developed 
and extended, tlie double needle instruments will be provided in 
addition to the French telegraphs, at all stations which may be 
in direct conmiunication with England, and Morse's instruments 
at all stations which may be in direct communication with the 
German States. 

299. The French telegraphic lines communicate with those of 
England at Calais by the submarine cable ; with those of Belgium 
at Lille and Douai ; with those of Prussia and Northern Ger- 
many, at Metz; with the Rhenish States, Wirtemburg, 
Bavaria, and Auslxia, at Strasbourg ; with those of Switzerlazid, 
at Mulhouse and M&con, the former communicating witb Bale, 
and the latter with Geneva ; and, in fine, with those of Savoy and 
Piedmont, at Grenoble. 

Other links of electric connection will speedily be formed. 
Thus the present lines are continued to the Spanish frontier at St. 
Sebastian, and lines of wire are now being laid between that place 
and Madrid, so that the capital of Spain will be in electric con- 
nection with that of France, and therefore also with London, and 
the other capitals of Europe, most probably, before these pages are 
in the hands of the reader. 

300. In practice the transmission of despatches is not always so 
direct or immedi^ate as it would appear to be upon the inspection 
of a telegraphic' map. Thus, by the submarine cable between 
Dover and Calais, Paris, is in permanent direct communication 
with London. But when it is desired to transmit a despatch 
from Paris to any of the provincial towns of England, the despatch 
is at present received and written down at the central station in 
London, and then repeated and transmitted to the place of its 
destination in the provinces. This repetition could of course be 
avoided, by uniting, in the London station, the wife &om Paris 
with the wire leading to the provincial station to which the 
despatch is addressed, and if the despatch were one of extraordi- 
nary length this course would be the most expeditious ; but to 
adopt it with the ordinary class of short messages, would involve 
much inconvenience and more delay in general than is incurred 
by its repetition and retransmission. Thus, to send each message 
direct to its destination in the provinces, it would be necessary 
that, previously to the transmission from Paris, notice should be 
transmitted to London to connect the Paris wires with those 
between London and the place of destination, and as this change 
woidd have to be made separately for every provincial message, 
and as the wires between London and the various provincial 
stations must necessarily be occupied, more or less, at all times, in 
the transmission of home correspondence, the business of trans - 

140 



FBENCH TELEGRAPHIC LINES. 

mission in this direct manner would not only bo far more dilatory 
than the process of repetition, but would, in fact, at busy times of 
the day be totally impracticable. 

301. What has been here stated respecting the Paris and London 
line will be applicable, mtftatis mutandis, not only to all inter- 
national messages, but in many cases to messages transmitted 
between home stations, which it is often more convenient and expe- 
ditious to repeat and retransmit at certain intermediate stations* 
than to send direct by the connection of the wires at those stations. 

302. It will be understood, nevertheless, that the necessity for 
this circuitous transmission, and intermediate repetition of 
despatches, arises in all cases from the insufficiency of ^e number 
of conducting wires in relation to the quantity of correspondence 
to be transmitted. In the transmission of each despatch by the 
English and French instruments, two wires are employed. Now, 
if the direct correspondence between London and Paris, during 
the most busy hours of the day, be sufficient to employ one pair of 
conducting wires, another pair would be necessary to commimicate 
with intermediate places, and if the correspondence with these 
were very unequal, some engrossing a large share of it, a third 
pair might be required, and so on. 

303. It must be, therefore, very apparent that great convenience 
would in such oases be gained by substitutiog, for the English and 
French telegraph, that of Morse or Bain, or any other which 
transmits by a single conducting wire. In that case, the four wires 
contained in the submarine cable, between Dover and Calais, would 
do much more than double their present duty. Instead of carrying 
two streams of messages simultaneously, as they do at present, they 
would carry four. If one were put in permanent connection with 
London and Paris, the three others could be reserved, one for direct 
connection with chief provincial towns, such as Birmingham, Man- 
chester, Liverpool, Glasgow, Dublin, &c., and the two others for 
messages to less important stations, subject. to occasional repetition. 
These latter would be to the telegraphic line what the second and 
third class trains are to the railway. It might be found even advan- 
tageous to fix a higher price of transmission for messages thus 
sent without intermediate repetition, just a^ a higher fare is paid 
for express than for ordinary trains. 

304. The French government has recently re-organised the 
administration of the telegraphs throughout its entire territory, 
and besides modifying and reducing the tariff, it has placed 
the whole upon a more efficient footing. It now constitutes an 
important department of the state, placed under the superinten- 
dence of a director-general, four inspectors-general, twelve chief 
directors, and an hundred inspectors. The director-general 
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established in Paris holds his office under the Minister of the 
Interior, and has authority over all the inferior functionaries. The 
four inspectors-general control and direct under him the entire 
telegraphic service throughout the empire. These inspeotorsy aided 
by scientific men nominated from time to time by the Minister, 
form a superior council, charged to consider and decide upon aU 
improvements proposed to be made in the processes, or in the 
telegraphic apparatus. 

The telegraphic lines will be distributed into twelve distinct 
systems or sections, over which the twelve chief directors will 
preside, so as to inspect, direct, and by communication with the 
inspectors-general and director-general, to centralise the service. 

The hundred inspectors will each be charged with the direction 
of one or more stations, and will have under their authority 
deputy station-masters, telegraphists, surveyors, artisans, and 
labourers, charged with the maintenance of the apparatus, the 
conducting wires, posts, and all the accessories of the line. 

In all chief places, the bureaux will be open night and day. 
The number of stations open on 1st November, 1853, was 78 ; m 
June, 1854, the number was 105. At the close of 1854 all the 
Prefectures of France will be in electric connection with the capital. 

The posts, a large proportion of which had not sufficient magni- 
tude and strength to bear the necessary number of wires, have 
been everywhere replaced by others of suitable dimensions, and 
the telegraphists are augmented in number, and measures taken 
to ensure their efficiency. 

It is decided also to give ample trial to the telegraphic instru- 
ments of Morse and Bain, already adopted to a great extent in 
Germany and in the United States ; and if the result of experience 
on a large scale is favourable to them, they will be adopted either 
in conjimction with the present telegraphs, or to the exclusion of 
them according to circumstances. In all, there are manifest 
signs of activity and of exemption from prejudice, national or per- 
sonal, which argue favourably for the progress of this great social 
improvement. 

AUSTRO-GERMANIC TELEGRAPHIC TTNION. 

305. The electric telegraph had not been long in operation in 
the German States before it became apparent that great incon- 
venience and much obstruction to the progress of correspondence 
arose from different states adopting different telegraphic instru- 
ments and signals. The difficulties arising from this cause became 
at length so great as to demand prompt and effectual remedv. 
A telegraphic congress was accordiigly convened at Vienna in 
October, 1851, at which deputies from all the German States 
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attended ; and after a full discussion of the subject, it was resolved 
to fomi an Austro -Germanic Telegraphic Union. This union 
includes all the states of Europe east of the Bhine, and also the 
Austrian provinces in Northern Italy. It was agreed tJiat a common 
system of telegraphic instruments and symbols should be adopted 
throughout all the associated states, and that for the present, 
Morse's telegraph, with its receiving magnets, registers, and 
uniform alphabet, should be everywhere used, so that telegraphic 
communications may at all times be made between any two stations 
of the Union without the delay and inconvenience of translating 
despatches at intermediate stations from one s^tem of telegraphic 
symbols into another. 

306. Despatches are transmitted and received at all the stations of 
the Union, either in German or French. They are also transmitted 
and received in English at such of the chief stations as are found 
by experience to have frequent communication with this country. 

Since the convention was concluded, the Germanic lines have 
received considerable extensions, so that many important stations 
have been recently established within the telegraphic connection. 
Thus a line of telegraphic wires has been laid extending from 
Bremen to Gluckstadt, and from Hanover to Lauenburg. Also from 
Hamburgh through Denmark, by Rendsburg, Kiel, Schleswig, to 
£iel, across the Little Belt, by Odense, across the Great Belt to 
Copenhagen and Helsingor. 

Lines are also in operation from Dantzic to Konigsberg, from 
Troppau to Lemberg, from Vienna, by Pesth, with various branchesT 
to KLausenberg, Orsova, Semlin, Peterwardin, and Eszeg. 

THE NETHEELANDS TELEGRAPHIC LINES. 

307. Notwithstanding the dense population and active commerce 
of the kingdom of the Netherlands, its limited territory has ren- 
dered a very small telegraphic net-work suflBlcient for its purposes. 
Only eight of its chief towns are connected by telegraphic wires. 
These are: 

Amsterdam (e), Rotterdam (<?), the Hague (e), Utrecht, Haarlem, 
Breda, Dordrecht (c), and Arnheim. 

They are connected at the Hague by seven submarine wires 
with the English lines, at Antwerp with those of Belgium, and at 
Arnheim with those of the German Union. 

Despatches are received in German and French at all the stations, 
and in English at those marked {ej, 

THE SWISS TELEGEAPHS. 

308. The natural difficulties opposed to the construction of 
railways in Switzerland did not offer such serious impediments 
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THE ELECTKIC TELEGRAPH. 

to the oonBtmotioii of telegraphic lines, an extendye net-work of 
which has been constructed and brought into operation. Thus 
Berne is-connected with the French lines by wires to Bestaiqony 
and with the German lines at BUe. Lausanne is connected with 
Besan9on by an independent Une, and also with Berne on one side 
and Geneva on the other. Geneva is also connected with the 
French system at Mlicon, and with that of Savoy at Aix, from 
whence a line of wires is carried across Mont Genis to Turin. 

From Lausanne the wires are carried by Yevay and Sion through 
the Yalais to the foot of the St. GK)thard, across which they are 
continued by Bellinzona to Milan. 

Another Unc passes from Bale by Lucerne, Glaris, and Coire, to 
the Splugen, which it crosses, and is carried to meet the former line 
at Bellinzona, and thence to Milan. 

Another line from Bale passes by Zurich and St. Gal to 
Linspruck, from whence it passes byBatzenand Trente to Verona, 
and by Salzburg and Linz to Vienna. 

Lines have, however, been since constructed, including some 
other stations. 

ITALIAIT TELEQKAPHIC LINES. 

309. Italy is put in electric connection with the more northern 
countries of Europe at six points, Nice, Mont Genis, the St. 
Gothard, the Splugen, the Tyrolese Alps, through Innspruck, and 
by Trieste. 

The French lines are already extended to Mce, and a line 
between Nice and Turin will probably be completed before these 
pages come into the hands of the reader. The French and Swiss 
lines are connected with Turin by the wires over Mont Cenis already 
mentioned; the Swiss and Bhenish lines, with Milan by the 
wires over the St. Gothard, and the Splugen and the Austrian and 
Bavarian lines by the wires over the Tyrolese Alps, and those from 
Trieste round the shores of the GiiK to Venice. 

From Venice to Milan a line is carried by Verona and Brescia, 
which is continued to Turin. From this line there are two 
branches going southwards, one from Verona by Mantua, Parma, 
Modena, Lucca, Leghorn, Florence, Sienna to Viterbo in the Papal 
States. This line will speedily be continued to Kome. The otiier 
branch goes from Alexandria to Genoa. 

Such is the extent of Italian telegraphs completed in 1854. 
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Accidents, prevention of railway, 
249. 

Aerial telegraph, old, 182. 

Alarum, telegraphic, to call the at- 
tention of the agents, 155 ; how 
rung from one station to another, 
f6. ; mechanism of tel^^phic, 
158. 

Alphabetic telegraphs, 188. 

America, supports of electric wires 
in, 56 ; telegraphs used in, 206. 

American inventions preferred in 
American telegraphs, 177. 

American telegraph companies, 240. 

Anecdotes of the use of the telegraph, 
250. 

Astronomical observations, uses of 
electric telegraph in, 268 ; ex- 
ireine accuracy of, t6. ; phenomena, 
use of the telegraph in fixing time 
of, 270. 

Atmospheric effects on the tele- 
graphic wires, 47 ; electricity, 
effects o^ on telegraphic wires, 
60. 

Anstro-Gkrmanic telegraphic union, 
805 ; stations of, 306. 

Autograph telegraph 217. 



Bain's chemical telegraph, 208. 

Bain's telegraph, operation o^ 212 ; 
its commutator, 213 ; its extra- 
ordinary speed of transmission, 
214 ; obstructions to its practical 



application, 215 ; its prospects, 
216 ; rate with, 236. 

Batteries used for English telegraphs, 
44. 

Battery, common plate, 36. 

Belgian telegraphic lines, ^88 ; their 
extent and cost, 289 ; correspon- 
dence transmitted on the, 290 ; 
large proiK)rtion of foreign des- 
patches on, 291 ; classification of 
despatches on, 292 ; tariff of, 293. 

Belgian cable, imperfection attri- 
buted to the, 93. 

Belgian railway telegraph, 199, 201. 

Belgium, telegraphic instruments 
used in, 293. 

Bells, electric ringing of, 155; mutual 
power of ringing, use o^ t&. 

Bombay, connexion of Alexandria 
with, 37. 

Boston, telegraph in cases of fire at, 
287. 

Breguet) telegraph contrived by, 183. 

Brett*s printing telegraph, 221 ; 
originators of sub-marine com- 
munication, 280. 

Bright*s method of detecting fiiulty 
points in electric wires, 68. 

British America, telegraphic lines in, 
287. 

Bunsen's battery, 84. 



Cables, submarine, 77 ; table of 
the cUmensions o^ 80. 
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.'Calais cable, accident in laying the, 
92. 

California, gigantic projected tele- 
graph to, 286. 

Catastrophe averted by aid of the 
telegraph, 249. 

Celerity of telegraphic communica- 
tion, 222 ; circumstances which 
affect it, 228 ; affected by distance, 
239. 

Chapman*s survey of an electric 
route to California, 286. 

Characters, telegraphic, table of, 
206. 

Charcoal substituted for copper in 
voltaic combinations, 29. 

<])ipher used in telegraphic commu- 
nications, 259. 

Ciphers of mercantile firms, tele- 
graphic, 260 ; for newspaper re- 
ports, 261. 

floating of telegraphic wires, 65 ; of 
submarine cables, 88. 

Commerce, extensive use of the tele- 
graph in,. 254. 

Commutating apparatus, effects pro- 
ducible by, 126. 

Commutator, an instrument for con- 
trolling the electric current, 110 ; 
general prindples of the. 111 ; its 
application, 112. 

Commutator of French state tele- 
graph, forms of, 184; its opera- 
tion, 185. 

Conducting wires, 20. 

Conductors, 19. 

Constancy, the properly of Daniel's 
battery, 34. 

Continent^ organisation of electric 
communication with the, 282. 

Corsica, cable between Spezzia and, 
87. 

Creosoted deal troughing, 67. 

Crime, telegraphic detection o^ 250. 

Current, dectric, established by 
earth contact, 23 ; return of, 
through the earth, 25 ; modes of 
transmitting, 113, 114, 115; to 
reverse the, 116 ; to suspend and 
transmit it alteinatdy, 117 ; to 
make it ring the ahurum, 119 ; 
effects of, 135. 

Currenus, combination of, 87. 

Cylindrical batteries, 39. 



Daniel's constant battci*y, 32. 

Dead beat of magnetic needles, 
229. 

Defects imputed to French and Ger- 
man telegraphs, 200 ; in Con- 
tinental railway telegraphs, how 
removed, ib. 

Desk, metallic, 211. 

Despatch, method of sending and 
receiving an electric, 186. 

Despatches, telegraphic, table of sub- 
jects 0^ 243. 

Dial at one station producing a like 
motion in a distant dial, 154. 

Discrepancy of reports of telegraiddo 
communication, 34. 

Dover and Calais, cable connecting, 
78 ; its dimensions, 81. 

Dover and Ostend, telegraphic com- 
munication between, 84. 



Elsotbio current, velocity oE, 10 ; 
agency, nature of, 14 ; fluid, trans- 
mitted in required directions, 18 ; 
leakage o^ 59 ; current produced 
without a voltaic battery, 160. 

Electric messages, eLrcumstances on 
which depends the celerity ot 
223. 

Electric telegraph, on what powers 
its efficiency depends, 15 ; inde- 
pendent of railways, 76 ; uses of 
the, 242. 

Electric telegraph company, 278 ; 
table of its lines, statioiis. &o.. 
274. 

Electricity, physical character o^ 12; 
a subtle fluid, 14 ; various bodies 
evolve, 26. 

Electro-chemical pen, 210. 

Electro - magnet, constructed by 
Fouillet, 143 ; how it may pro- 
duce written characters on pa^et 
at a distant statian, 158 ; a])^- 
cation of, 162. 

Electro - magnets formed by two 
straight bars, 144 ; acquire and 
lose their magnetism instantane- 
ously, 145. 

Electro-telegraphy, incredible nature 
of, 8 ; independent of the physical 
duuucter of electricily, 18 ; prin- 
ciples oi^ 109. 
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Elements of a battery, 40. 
England and France, despatches 

between, 301. 
Errors, telegraphic, how corrected, 

193. 
European and submarine company, 

underground wires of, 71. 
European and American tel^raph 

company, 279. 



Female industry, sphere of, enlarged 
. by the telegraph, 275. 

Fire, telegraphic communication in 
cases of, 287. 

Forwarding messages from the sta- 
tion, charge for, 296. 

France, supports of electric wires 
in, 55. 

French, inventions adopted in French 
telegraphs, 177 ; railway portable 
telegraph, 189 ; telegraph, 195 ; 
telegraphic lines, 297 ; instru- 
ments used on, 298 ; ^eir con* 
nection with those of other states, 
29^; telegraphic administration, 
organisation of, 304. 

FromenVs alphabetic telegraph, 209; 
writing telegraph, 207. 



GxLTAHio battery, 16. 
Galvanometer, 187 ; method of 

transmitting signalis by the, 141. 
German railway telegraph, 190. 
Germany, sapporta of electric wires 

in, 67. 
Glasgow, Saturday journals, mode of 

telegraphing intelligence to, 252. 
Greenwi^ observatory, improved 

method of observation at^ 270. 
Grove's battery, 34. 
Gun, how discharged at a distant 

station, 150. 
Gfutta Percha enveloping wires, 70 ; 

rope, 82 

Heklet's magnetic telegraph, 220. 

Highton's improvements in telegra- 
phic appanitus, 47* 

Holyhead and Howth, cable con- 
necting^ 82. 

Horological commutator, 129» 



Horological uniformity prodaced by 
telegraphs, 265. 

Horse-shoe magnet, experiment with, 
162,163. 

House's printing telegraph, 218 : its 
operation, 219 ; rate of transmis- 
sion with, 238 ; rate of prlntbg^ 
by, 2*6. 



Ikdia, telegraphic communication 
with, 99 ; telegraphic lines in, ib. 

Indicating, apparatus, 183 ; mecha- 
nism of telegraphs, 196. 

Inspectors and other telegraphia 
officers, 304. 

Insulating supports, forms of, 51. 

Insulation, expedients for obtaining, 
50. 

Insulators, 19. 

Intelligence, circulation of, twenty 
years since, 3. 

Intemationalcorrespondence, wonder* 
fill celerity of, 281. 

Inventions, ne^^ect of meritorious,. 
178. 

Iron wires, objections to, 47. 

Italian telegraphic lines, 309. 



Key Commutator, 123. 



LAirauAQES of Belgian telegraphic- 
despatches, 296. 

Lardner, Dr., telegraphic experiment 
made by, 9, 213. 

Letters and figures, manner of ex- 
pressing, 180 ; numbers of^ trans- 
mitted per minute, 188. 

Leverrier, telegrapldc experiment 
made by, in ooigunction with Dr. 
Lardner, 9. 

Lightning, artificial, 5. 

Lightning conductor, 61 ; of Messrs. 
Wfdker and Breguet^ 62. 

Line wires, material and thickness 
of, 46. 

Lines of electric tdegraph estab- 
lished by private companies, and 
by the state,' 175. 

Lines and dots, combinations o^ to* 
express letters, 206. 

Lippen*s telegraphic instrument. 
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201 ; descriptioii of, 202 ; lis 
'wheel commutalor, 203 ; trans- 
mission of despatches by, 204. 

Longitudes, use of electric telegraph 
in determining, 264, 267. 

Lothbury, central telegraphic station 
in, 95. 



MAcn:NES, magneto-electric, 165. 

Magnet, how the electric current 
may produce a temporary, 142. 

lilagnetic needle, deflection o^ 136. 

Magnetic pulsations, how rendered 
visible and counted, 147 ; celerity 
of the oscillations thus produced, 
148 ; impart motion to clock-work, 
150; action on an escapement, 
151. 

Magnetic telegraph company, 276. 

Magneto-electric current^ method of 
producing a momentary, 161. 

Magneto-electric machine, 165 ; its 
effects in producing shocks and 
currents, 166 ; method of applying 
it to telegraphs, 167. 

Magneto -electric telegraph company, 
wires of, 67. 

Magneto-electricity, 160. 

]yfap showing telegraphic network, 
292. 

Maury, Lieut., hydrographical re- 
searches of, 94. 

Mechanism of telegraphs, explanation 
of, 194. 

Medical consultations, telegraph used 
for, 268. 

Mediterranean electric telegraph 
company, 283. 

Mercantile firms, sums paid for tele- 
graphic despatches by, 255. 

Messages, personal and domestic tele- 
graphic, 251 ; average length of, 
275. 

Miracles of science, telegraph most 
marvellous of, 25. 

Morse's telegraph, 206; the most 
extensively used, 233 ; average 
celerity of, 234; greater celerity 
of, 235 ; his reports to congress 
respecting the telegrHph, 257. 

Multiplier, magnetic, 138. 

Music, telegraphic transmission of, 
237. 



Musical soimds, produced by mc^- 
netic pulsations, 149, 



Needle, greatest sensibility of elec- 
tric, 138 ; method of mounting the 
electric, 140. 

Needle instruments, 179 ; singU 
needle instrument^ 180 ; double 
needle instrument, 181 ; illustra- 
tion of the efficiency of, 230. 

Needles, signals made by deflections 
of magnetic, 179. 

Netherlands, telegraphic lines in, 
307. 

Net-work, telegraphic map of, 292. 

New York Journals, association of, 
262 ; Herald, spirited enterprise^ 
of, 263. 

Newall and Co., description of their 
telegraphic cables, 79, 81. 

Newspapers, telegraph extensively 
used by American, 256. 

Newsrooms, electric, 252. 

Non-conductors, 19. 

Numerals, how transmitted, 205. 



Observatoeies of Greenwich, Brus- 
sels and Paris, electric connection 
of, 267. 

Observatory clocks, use of the tele- 
graph in regulating, 269. 

Officers attendant on a line of tele- 
graph, 235. 

Opera, wire from the House of 
Commons to, 252. 

Orfordness and the Hague, elec- 
tric communication between, 86. 

Organisation of telegraphs, uniform, 
reconmiended, 241. 

O'Shaughnessy, Dr., his plan of 
underground conmiunication, 100. 

Oxydation of metals, 28 ; wire in- 
sulated by superficial, 58. 



Fairs, elements, and poles, defined, 
40. 

Paper, method of moving under the 
style in the telegraph, 171 ; moved 
by various expedients, ib, ; tele- 
graphic characters on it^ 172. 

Paris, telegraphic congress, 294. 
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P^^rliament) abstracts of its proceed- 
ings reported half-hourly for the 
clubs, 252. 

Pauses necessary between letter and 
letter in telegraphic messages, 227. 

Pen, electro-chemical, 209. 

Pilot engines, 248. 

Poles of a battery, 40. 

Political purposes, illustration of 
the use of the telegraph for, 257. 

Portable railway telegraph, 246. 

Portpatrick and Bonaghadee, cable 
connecting, 83, 85. 

Pouillet's modification of DanieFs 
system, 33 ; experiments on the 
intensity of the electric current, 
104. 

Printing telegraph, House's, 219 ; 
Brett's, 221. 

Projects for telegraphic communi- 
cation, 286. 

Prussia, underground wires aban- 
doned in, 70. 

Prussian railways, telegraph of, 190, 
198. 

Pulsations of electric curr^it, re- 
gular, 129 ; irregular, 130 ; no 
limit to the celerity oj^ 131 ; 
toothed wheel to produce the, 132 ; 
sinuous wheel to produce the, 133 ; 
of magnetism, how rendered sen- 
sible, 1 47 ; of the electric current^ 
how goYemed, 184. 



Queek's speech, rapid verbatim re- 
port of, 276. 



Railway expenditure, incalculable, 
saved by the electric telegraph, 
248. 

Kate of transmission with French 
state telegraphs, 231 ; with 
French railway telegraphs, 232 ; 
with the Morse telegraph, 233. 

Kelay magnets, use of, 173 ; their 
form and application, 174. 

Reoscope, or Reometer, 138. 

Repetition of despatches at inter- 
mediate stations, 300. 

Reporting, anecdote of rapid, 263. 

Routes, message may be transmitted 
to the same place by different, 284. 



Sand, use of, in charging batteries, 42.. 
Secondary lines of wire, 125. 
Secrecy of telegraphic despatches, 

public confidence in the, 259. 
Shaffiaer's report to the telegraphic 

convention, 286. 
Shakspeare's * ' girdle round the earth 

in forty minutes," 11. 
Siemens instrument, 191 ; its mode 

of operation, 192. 
Signal to rectify inattention, 193. 
Signal time-balls, 266. 
Signals, how the current produces 

telegraphic, 106 ; transmission of, 

instantaneous, 108 ; notice of the 

station transmitting and receiving, 

121 ; modes of regulating, between 

particular stations, 122, 123, 124 ; 

system of, in connexion with the 

Royal Observatory, 266. 
Soft iron, magnetism imx)arted to, 

142. 
Special trains, precautions respect- 
ing, 247. 
State telegraph, French, 182. 
Statistics of the telegraph, difficult 

investigation of, 285. 
Strand and Lothbury, underground 

wires between the, 95. 
Submarine cables, dep<»ition of, 84, 

86. 
Submarine companies, origin of their 

enterprises, 280. 
Submarine coTop&nj chartered, 277 ; 

between France and England, 278. 
Swiss telegraphic lines, 308. 
Synchronism of astronomical clocks, 

269. 



Taeifv of electric telegraph company, 
276. 

Telegraph, construction of old French, 
explained, 182 ; speculations re- 
specting the improvement of, 216 ; 
used for ordinary purposes of life, 
273. 

Telegraph in railway business, uses 
of the, 245. 

Telegraph cables, durability of, 83, 
89. 

Telegraphic lines in England and 
America, 175; various forms of in- 
struments used on, 176 ; commu- 
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nication in ike United States, ex- 
amples of distant) 240 ; messages, 
in the United States, eleven mil- 
lions per annum, 241 ; lines of 
the United Kingdom, 271 ; their 
extent in 1854, 272 ; connection 
of European states, table of, 284. 

Telegiaphic line, organisation of a, 
289. 

Telegraphists, comparative ability of, 
224 ; each, known by his manner 
of transmitting, 225 ; attention 
absorbed by the manipulation of 
the instrument to the exclusion of 
the subject of the despatch, 259. 

Telegraphs, railway, by whom 
worked, 188. 

Telegraphy, electric, 6 ; no limit to 
the celerity of^ 11. 

Testing posts, 66. 

Transatlantic ocean telegraph, 44. 

Transit observations, description of, 
270. 

Transmission of telegraphic messages 
easier than the interpretation, 
226 ; pauses in, 227 ; rate o^ 228 ; 
average celerity of, ib, ; rate with 
a magneto-electric current, 229 ; of 
despatches, not always diroct, 800. 

Tunnels, imperfect insulation in, 72 ; 
Walker's method of remedying, 73. 

Turin and Genoa, wires between, 
without intermediate support^ 98. 



UNDERGROum) wircs, 64. 
Uniformity of telegraphic ehai^ges 

suggested, 244. 
Uniformity, horologlcal, 265. 
United States, extensive use of the 

telegraph in the, 253 ; telegraphic 

lines in the, 285. 



YiBRATiOKS producing miisical notes, 
149. 



Voltaic battery, 16 ; its relation to 
the telegraph analogous to that of 
the boiler to the steam-engine, 1 7, 
21. 

Voltaic pile, 41. 

Vulcanisation, 70. 



Walkkb, Mb., instrument invented 
by, 62. 

Water, decomposition of, 169. 

Weight of electric cable per mile, 
283. 

Wheatstone, Professor, his experi- 
ments, 107. 

Whitworth*s report to Parliament on 
the telegraph, 287. 

Winding x)08ts, 54. 

Wire, method of covering the elec- 
tric, 139 ; telegraphic instruments 
requiring only one, 303. 

Wires, American telegraphic, not 
usually galvanised, 56 ; overground 
system of^ in streets in France and 
America, 74 ; across extensive 
valleys, 98 ; up and down, 112 ; 
multiplicity of, why necessary, 
125 ; advantages of numerous 
telegraphic, 802. 

Wollaston, Dr., his arrangement of 
voltaic ooml^nations, 80. 

Writing, telegraphic, at the station 
to which a message is communi- 
cated, 210. 

Writing or printing, ordinary, at a 
distant station, 217. 

Written characters at a distance, 
how to produce, 170. 



ZiozAO or straight line marked on 
paper as the current is transmitted 
or suspended, 158. 

Zinc and copper, common plate bat- 
tery 0^ 27 ; why preferred, 28 ; 
plates, amalgamation of, 45. 
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69. The Eye.— Chap. II. 

60. Pumps. 

PART, XV., Pi-ice M. 

61. The Stbax Engine. — Chap. III. 

62. Time.— Chap. III. 

63. The Eye.— Chap. III. 

64. Time.— Chap. IV. 

65. Speotaolbs. — The Kaleido- 

scope. 



VOLUME VL, Price Is. 6d. in 
handsome Boards. 

PART XVI., Price 5d. 
06. Clocks and Watches. — Chap. I. 

67. Microscopic Drawing and En- 

graving. — Chap. I. 

68. The Locomotive. — Chap. I. 

69. Microscopic Drawing and En- 

graving. — Chap. II. 

PART XVII., Price 5d. 

70. Clocks AND Watches. — Chap. II. 

71. Microscopic Drawing and En- 

graving. — Chap. III. 

72. Locomotive. — Chap. II. 

73. Microscopic Drawing and En* 

graving. — Chap. IV. 

PART XVIir., Price W. 

74. Clocks AND Watches. — Ch. III. 

75. Thermometer. 

76. New Planets. Leverrierand 

Adams' Planet. 

77. Leverrier and Adams' Plani.t 

concluded. 

78. Magnitude and Minuteness. 



Vol. VII. price Is. 6d. in handsome Boards. 

Part XIX., Price 5t?. 



79, Common Things. The Alman- 

ack. — Chap. I. 

80. Optical Images. — Chap. I. 



81. Common Things. The Alman- 

ack. — Chap. II. 

82. Optical Images. — Chap. II. 



Part XX., Price 6tf. 



83. How to Observe th-e Heavens. 

— Chap. I. 

84. Optical Images. — Chap. III. — 

Common Things. The Look- 
ing-Glass. 



85. Common Things. The Alman- 

ack. — Chap. III. 

86. How TO Observe the Heavens. 

— Chap. II. Stellar Uni- 

VERSE.^^HAP. I. 



87. The Tides. 

88. Stellar Universe. — Chap. II. 

89. Common Things. The Alman- 



Part XXI., Price 6i. 

ACK. — Chap. IV. Colour. — 
Chap. I. 

90. Stellar Universe. — Chap. HI, 

91. Colour. — Chap. II. 



" ' Dr. JjA'KDVEnCa Museum,' one of the few works of the kind which eau bo rccom- 
mcfuded as at once popular and accurate."— iStr David Brewster, 



COMPLETE COURSE OF NATURAL PHILOSOPHY, 

WITH MANY HUNDRED ILLUSTRATIONS. 



On the Ut of October, PART J., Price One Shilling^ and on Oct. 15, 
MECHANICS, 1 Vol., Five Shillings, cloth lettered, of a 

HAND. BOOK 

OF 

NATURAL PHILOSOPHY. 

BY 

DIONYSIUS LARDNER, D.C.L. 

FORMERLY PROFESSOR OF NATURAL PHILOSOPHY AND ASTRONOICY IN VSIVEBSUY 

COLLEQE, LONDON. 

A NEW EDITION, REVISED AND GREATLY ENLARGED, WITH SBVERAI^ 

HUNDRED ADDITIONAL ILLUSTRATIONS. 



rpHIS work is intended for all who desire to attain an accu- 
-L rate knowledge of Physical Science, without the profound 
methods of Mathematical investigation. Hence the explana- 
tions are studiously popular, and everywhere accompanied by 
diversified elucidations and examples, derived from common 
objects, wherein the principles are applied to the purposes of 
practical life. 

It has been the Author's especial aim to supply a TWAT^-tiftl of 
such physical knowledge as is required by the Medical and 
Law Students, the Engineer, the Artisan, the superior classea 
in Schools, and those who, before commencing a course of 
Mathematical Studies, may wish to take the widest and most 
commanding survey of the field of inquiry upon which they 
are about to enter; 

Great pains have been taken to render the work complete 



DR. LARDNER'S HANDBOOK OF NATURAL PHILOSOPHY, 

in all respects, and co-extensive with the actual state of the 
Sciences, according to the latest discoveries. 

Although the principles are here, in the main, developed and 
demonstrated in ordinary and popular language, mathematical 
symbols are occasionally used to express results more clearly 
and concisely. These, however, are never employed without 
previous explanation. 

The present edition has been enlarged by the interpolation 
of a great number of examples taken from the Arts, elucidated 
by appropriate figures of the instruments and machines de- 
scribed. Many improvements have also been introduced iii the 
Diagrams, the number of which has been greatly augmented. 

The Series will consist of Eour Treatises, independent of 
each other, which may be purchased separately. 

HECHANICS, with 356 Engravings, . r One Volxime. 

HTDEOSTATICS, PNEUMATICS, AND ! 

HEAT One Volume. 

OPTICS AND ACOUSTICS « . , . One Volxime. 

ELECTEICIT7, MAGNETISM, AND ME- 

TEOEOLOGY One Volume. 

The Eour Volumes taken together will form a complete course 
of Natural Philosophy, sufficient not only for the highest 
degree of School education, but for that numerous class of 
UnivCTftity Students who, vdthout aspiring to the attainment 
of Academic honours, desire to acquire that general knowledge 
of these Sdences which is necessary to entitle them to gra- 
duate, and, in the present state of society, is expected in all 
weU educated persons. 

The Series will be published in about Eighteen Monthly 
Parts, at the price of One Shilling ; but for the convenience of 
those who desire to obtain complete volumes at once, a Volume 
will be issued on the Eirst of every second Month. 
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WORKS BY DR. LARDNER. 



MIMAL PHYSICS; or, the Body audits Functions 

familiarly explained. By Dioktsius Labdneb, B.O.L. niustrated by 
several hundred EngraviDgSy by eminent Artists, from Drawings by the 
highest Anatomical, Physiological, and Zoological Authorities. 1 yolome. 
(In the Press). 

POPULAR ASTRONOMY. By Diomfsius Labd- 

KE^ D.C.L., containing, — How to observe the Heavens; Latitudes and 
Longitudes ; The Eai-th ; The Sun ; The Moon ; The Planets, are th^ 
inhabited? The New Planets ; Leverrier and Adams' Planet ; The Tides; 
Lunar Influences ; and the Stellar Universe. 1 volume, many Engravings. 
(From the Museum of Science cmd Art.) 12mo, 2«. Qd, cloth lettered. | 

COMMON THINGS EXPLAINED. By Diony- 

sius Lardneb, D.C.L., containing, — Air; Eai-th; Fire;. Water ; Time; 
The Almanack ; Clocks and Watches ; Spectacles ; Colour ; Kaleidoscope ; 
Pumps. 1 volume, many Engravings. (From the Museum of Science 
and AH,) 12mo, 2«. %d, doth lettmd. 

THE ELECTRIC ^eLeGRAPH POPULARISED. 

With 100 Illustrations. By DiONYSiirs Labdneb, D.C.L. (From the 
Museum of Science and Art,) 12mo, 2«.J[cloth. 

"The reader will find the most complete and intelligible description of 
Telegraphic Apparatus in Dr. Lardner*s admirable chapters on the subject." — 
North British Review, 

THE STEAM ENGINE, STEAM NAVIGATION, 

ROADS, and RAILWAYS, EXPLAINED AND ILLUSTRATED. A 
New and Cheaper Edition, revised and completed to the present time. 
By DiONTsius Labdneb, D.C.L., formerly Professor of Natural Philo- 
sophy and Astronomy in University College, London. 1 volume 12mo, 
Illustrated with Wood Engravings, hs, 6d, cloth. 

DR. LARDNER^S HAND-BOOK OF ASTRO- 

NOMY. From the '*Hand-book of Natural PhUosophy." 37 Plates 
and 200 Woodcuts. Large 12mo, 16^. 6d, cloth. 
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WORKS BY DR. LARDNER. 



I. 
Steam and its Uses ; 

XLcluding the Steam Engine, the Locomotive, and Steam Navigation. By DioNYsms 
Lardneb, D.C.L. (From the "Museum of Science and Art/') Onp volume^ 
with 89 Illustrations, 2a. cloth lettered. 

II, 

The Electric Telegraph Popularised. 

I^'itli One Hundred Illustrations. By Dtonysius Labdneb, D.C.L. (From the 
" Museum of Science and Art.") One volume, 12mo., 260 pages, price 2s., cloth 
lettered. 

" The reader will find the most complete and intelligible description of Tel^rrai)hio 
Apparatus in Dr. Lardner's admirable chapters on the subject." — North British Eeview. 

III. 

The Microscope. 

By DiONYSius Lardneb, D.C.L. (From the "Museum of Science' and Art.") 
One volume^ with 147 Engravings, 2s. cloth lettered. 

IV. 

Common Things Explained. 

3y DioNYSius Labdnbb, D.C.L. Containing: Air.— Earth.— Fire.— Water.— Time. — 
The Almanack. — Clocks and Watches. — Spectacles. — Colour. — Kaleidoscope. — 
Pumps. (From the "Museum of Science and Art,") One volun^ie, with 114 
Engravings. 12mo, 2s. 6d. cloth, lettered. 

V. /^ 

Popular Astronomy. 

By DioNTsius Labdneb, D.C.L. Contaimng : How to Observe the Heavens. — ^Latitude 
and Longitude.— The Earth. — The Sun.— The Moon.— The Planets, are they in- 
habited ?— The New Planets. — Leverrier and Adams' Planet. — Lunar Influences. 
—The Tides.— The Stellar Universe. (From the "Museum of Science and Art.") 
One volume, with 119 Engravings. 12mo, 2s. 6d. doth lettered. 

VI. 

The Bee and White Ants. 

9heir Manners and Habits ; with Illustrations of Animal Instinct and Intelligence. 
By Dioirrsius 'Labdneb, D.C.L. (From the "Museum of Science and Art.") 
One volume, with 135 Illustrations, 2s. cloth lettered. 

VII. 

^he Steam Engine, Steam Navigation, Boads, 

and Railways 

"Xxplained and Illustrated. By Dicnysixts Labdneb, D.C.L. One volume, 12mo.y 

Illustrated with Wood Engravings, 8<. 6d. cloth. 

VIII. 

Handbook of Astronomy. 

Jly DiONYSins Labdneb, D.C.L. 87 Plates and 200 Woodcuts. Large 12mo. In 
Two Volumes, each 5s., uniform in size with the "Hand-Book of Natural 
Philosophy." Vol. I., September 1st, Vol. II. October 1st, 1866. 
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DOTTSU! Volumes. 

VctuTMi 1 to 10 map tUNtf U had^ ttron^y bound, S Voluma in 1, itUk Indexes cUdh, 

lettered, pfiee 3«. Get. each DouibU Vciwme, 

" 'Dr. LardneT'fl Huseum/ one of the few works of the kind whidh Mn be team- 
mended as at once popular and accurate."— ^Sir David Brewtter* 

Contents of Vols. I. and n. (donble)| 8s. 0d. doth. 



VOL4 1« price 1«« 6(2. in handeome boards. 

li The Planets; Are they Inhabited 
Worlds? Chap. I. 

2. Weather Prc»gnostica. 

3. The Planets. Chap. II. 

4. Popular Fallacies in Questions of 

Physical Science. 

5. Latitudes and Longitudes. 

6. The Planets. Chap. III. 

7. Lunar Influences. 

8. Meteoric Stones and Shooting Stars. 

Chap. I. 

9. Railway Accidents. Chap. I. 

10. The Planets. Chap. IV. 

11. Meteoric Stones and Shooting Stan. 

Chap. II. 
13. Railway Accidents. Chap. 11. 
IS. Light. 



VOL. n. price U. Gd. im kandaonu boark 

14. Common Things. — Air. 
16. Looomotlon in the t^nitod Stittt 
Chap. I. 

16. Cometary Influences. Chap. I. 

17. Locomotion in the United StoteB. 

Chap. IL 

18. Common Things. — ^Water. 

19. The Potter's Art. Chap. I. 

20. Locomotion in the tmited Ststei 

Chap. III. 

21. The Potter's Art. Chi^. IL 

22. Common Things. — Fire. 

23. The Potter's Art. Chap. IIL 

24. Cometary Influences. C%ap. II. 

25. The Potter's Art. Chap. lY. 

26. The Potter'« Art Chap.Y. 



Contents of Vols. in. and IV. (double), 8b. 6d. doth* 

VOL« in«» price It. 6d. in handsome hoards. 



27. Locomotion and Transport, their 

Influence and Progress. Chap. I. 

28. The Moon. 

29. Common Things.— The Earth. 

SO. Locomotion and Transport^ their 

Influence and Progress. Chap. ll. 
81. The Electric Telegraph. Chap. 1. 
32. Terrestrial Heat. Chap. I. 



83. The Electric Teleigrai^ Cha|>.It. 
34. The Sun. 

85. The Electric Td^gnph. Chap. IIL 

86. Terrestrial Heat. Chap. IL 

87. The Electric Telegrt^h. Chap. IV. 

88. The Electric Tdegraph. Chiq)^ Y. 

89. The Electric Telegraph. Gh^[». VL 



VOL. IV*» pric^ !<• ^ ^ handsome hoards. 



40. Earthquakes and Volcanoes. Chap. I. 

41. The Electric Telegraph. Chap.VH. 

42. The Electric Telegraph. Chap.VlII. 

43. The Electric Telegraph. Chap. IX. 

44. Barometer, Safety Lamp, and Whit* 

worth's Micrometric Apparatus. 

45. The Electric Telegraph. Chap. X. 



46. Earthquakes and Vdeaaoes. Chim.IL 

47. The Electric Telegraph. Ghf^TZL 

48. Steam. 

49. The Electric Telegn^h. Chap. XIL 
60. The Electric Telegraph. Ohi^.xnL 

51. The Electric Telegraph. Chap. XIV. 

52. The Electric Telegraph. Ch4>. XV. 



Contents of Vols. V. and VI. (doable), 88. 6d. cloth. 
VOL. v., price 1«. 6<2. in homdtome hoards, 

SB. The Steam Engine. Chap. 1. 

54. The Eye. Chap. I 

55. The Atmosphere. 

56. Time. Chap. I. 

57. The Steam Eiigine. Chap. It. 

58. Common Things.— Time. CSiap. II. 
50. The Eye. CThap. II. 



60. Common Things.— Pumpi. 

61. The Steam Engine. Chap. IIL 

62. Common Things.— Tima. GhapIH 
68. The Eye. Chap. III. 
64. Common Things.— IHme. Chi^IV. 
66. Common Things. — Speotaoles.— mj 

Kaleidoscope. 
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YOLi VI., price U. 6d., in handsome boards. 

66. Clocks and Watches. Chap. I. 

67. Microscopic Drawing and Engraving. 

Chap. I. 

68. Locomotive, dhap. I. 



7S. Hioroacopic Drawing and Engraving. 
Chap. IV. 

74. Clocks and Watches. Chap. III. 

75. Thermometer. 

76. New Planets. — Leverrier and Adams' 
Planet. 

77. Leverrier and Adam's Planet, con- 
cluded. 

78. Magnitude and Minuteness. 



69. Microscopic Drawing and Engraving. 

Chap. II. 

70. Clocks and Watches. Chap. II. 

71. Microscopic Drawing and Engraving. 

Chap. III. 

72. Locomotive. Chap. 11. 

Contents of Vols. YIL and VIII. (doable) 3s. 6d. cloth. 

Vol. VII., price 1«. 6d., in handsome boards. 

85. Common Things. — The Almanack. 
Chap. ni. 

86. How to Observe the Heavens. Chap. 
II. Stellar Universe. Chap. I. 

87. The Tides. 

88. Stellar Universe. Chap. II. 

89. Common Things. — The Almanack. 
Chap. IV.— -Colour. Chap. I. 

90. Stellar Universe. Chap. III. 

91. Colour. Chap. II. 

VOL. VIII., price la. 6d., in Jiandsomt boards. 

02. Common Things.— Man. Chap. 1. 

93. The Stellar Universe. Chap. iV. 

94. Magnifying Glasses. 



79. Common Things. — ^e Almanack. 

Chap. t. 

80. Optical Images. Ohap. I. 

81. Common Things. — The Almanack. 

Chap. 11. 

82. Optical Images. Chap. II. 

83. How to observe the Heavens. Chap. I. 

84. Optical Images. Chap III. Common 

Things. The Looldng Glass. 



96. Common Things. — Man. Chap. II. 
96. Instinct and Intelligence. Chap. t. 
d7. The Stellar Universe. Chap. V. 

98. Common Things. — Man. Cnap. lit. 

99. Instinct and Intelligence. Chiap. II. 



100. Instinct and Intelligence. Chap. III. 

101. The Solar Microscope.— The Camera 
Lucida. 

102. The Stellar Universe. Chap. VI. 

103. Instinct and Intelligence. Uhap. IV. 

104. The Magic Lantern.— The Camera 

Obscura. 



Contents of Vols. IX. and X. (double), 3s. 6d. cloth* 

• VOL. IX. price Is. 6d., in handsome boards. 

111. The Surfiftce of the Earth, or First 
Notions of Geography. Chap. II. 



105. The Microscope. Chap. t. 

106. The White Ants. — Their Manners 

and Habits. Chap. I. 

107. The Microscope, uhap. II. 

108. The White Ants.— Their Mannei?s 

aud Habits. Chap. II. 

109. The Surface of the Earth, or First 

Notions of Geography. Chap. I. 

110. The Microscope. Chap. III. 



112. The Microscope. Chap. IV. 

113. Science and Poetry. 

114. The Microscope. Chap. V. 

116. The Surface of the Earth, or First 
Notions of (j^graphy. Chap. III. 

116. The Microscope. Chap. VI. 

117. The Surface of the Eai-th, or First 

Notions of Geography. Chap. IV. 



118. The Bee. Chap. t. 

119. The Bee. Chap. II. 

120. Steam Navigation. Chap. t. 

121. The Bee. Chap. III. 

122. Steam Navigation. Chap. II. 

123. The Bee. Chap. IV. 

124. Blectro'Motive Power. Chap.t. 



VOL. X., price Is. 6c?., in handsome boards. 

126. The Bee. Chap. V. 

126. Steam Navigation. Chap. III. 

127. The Bee. Chap. VI. 

128. Steam Navigation. Chap. IV. 

129. The Bee. Oiap. VII. 

130. Thunder, Lightning, and the Aurora 
Boreahs. 



*#♦ Continued in Weekly Numbers at Id, ; Monthly Parts at 5d. ; Quarterly 
Volumes at \s. 6</.; and Half- Yearly Volumes at Ss. 6d, 

It is intended to complete this Series of Tracts on Physical Science at the 
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close of the present year^ so that the whole Series will be comprised within the 
mx>derate limits of ^2 single or 6 double Volumesy the former at 18». m oi'n^- 
mental boards, and the latter at £\, Is, cloth-lettered. 
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Complete €mm d Itatural milosopfc 



Four Volmnes. 20$. doth. 



HANDBOOK OF NATURAL PHILOSOPHY. 

BY DIONYSIUS LABDNEB, D.C.L., 

ForwuHf Pr^eitcr ^Nmtwrtd PUIoMphy m»d Aitnmum^ i* Uaiitnitjf CttU§€, 



New Edition, Reviaed and greatly Enlarged, with several hondred additional 
Illustrations. Large 12mo. Four Volumes, each &»., doth lettered. 



Tills work is intended for the general reader who desires to attain accarate 
knowledge of the Various departments of physical science, without ptursuing 
them according to the more profound methods of Mathematical Investigation. 
Hence the style of the explanations is studiously popular, and the graver 
matter is everywhere accompanied by diversified elucidations and examples, 
derived from common objects, wherein the principles of sdence are applied to 
the purposes of practical life. 

It has also, specificallv, been the author's aim to supply a manual of such 
physical and mechanical knowledge as is required by the Medical and Law 
Student, the Eagineer, the Artisan and the superior classes in Schools. 

Great pains have been taken to render this work complete in all respects, 
and CO -extensive with the actual state of the sciences, according to the latest 
discoveries. 

Although the principles of the sciences are here, in the main, developed and 
demonstrated in ordinary and popular language, a few mathematical symbols 
are occasionally used throughout the work, for the purpose of expressing results 
more clearly and concisely. These, however, are never employed without a 
pre\nous ample explanation of their signification. 

The present edition has been enlarged by the interpolation of a great number 
of illustrations of the general principles of Physics, taken from their various 
applications in the Arts, such examples being in all cases elucidated by 
appropriate engraved figures of the instruments and machines described. Many 
improvements have also been introduced in the Diagrams for the illustration 
of Physical Principles, the number of which has been greatly augmented. 

The series consists of Four Treatises, which are independent of each other, 
and may be purchased separately. 

Mechanics One Volume. 5b. 

Hydrostatios, Pneumatics, and Heat * One Volume. 5s. 

Optics One Volume. 5s. 

Electricity, Magnetism, and Acoustics . One Volume. 58. 

The Four Volumes taken together form a complete course of Natural 
Philosophy, sufficient not only for the highest degree of School Educaticm, but 
for that numerous class of University Students who, without aspiring to the 
attainment of Academic honours, desire to acquire that general knowledge of 
these Sciences which is necessary to entitle them to graduate, and, in the 
present state of society, expected m all well-educated persons. 



The Hand-Book of Astronomy. 

In Two Volumes, each 6s. forming a companion to the *' Hand -Book of Natural 
Philosophy.*' Vol I. on the 1st of September, and Vol. II. on the 1st of 
October 1856. 
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WORKS 

SELECTED FROM THE CATALOGUE OF 

WALTON AND MABERLY, 

UPPER GOWEE STREET, & lYY LANE, PATEBNOSTEB BOW. 



A New Descriptive Catalogue of Educational Works^ 

and Works in Science and General Literature^ 

published by Walton arid Maberly. 



The object of this Catalogue is to convey a more satisfactory notion of the 
contents of the books in it than can be drawn from reading the titles. Instead of 
laudatory extracts from Reviews, general notices are given of the Chief Subjects 
and most Prominent Peculiarities of the Books. The publication is designed to' 
put the Reader, as far as possible, in the same position as if he had inspected for 
himself, at leasl> cursorily, the works dfiscribed ; and with this view, care has 
been taken, in drawing up the notices, merely to state facts, with but little 
comment, and no exaggeration whatever. 

ThU CaidLogue wiU he sent post-free to cmy one writi/ng for it. 



The Chinese Bebel Chief, Hung-Siu-Tsueu, 

AND THE ORIGIN OF THE INSURRECTION IN CHINA. 

r J By the Rev> Theodore Hamberq. Edited, with an Introduction, by George 
Pearse, Foreign Secretary of the Chinese Evangelization Society. 
Foolscap 8vo., I5. 6d. cloth. 

The Friend of China eontains a review of this narrative, which is attribute to the 
A Bishop of Victoria, Hong Kong, and in which he says — ''The author's well known 
caution, truthfulness, and candour, nve to the little volume under review an inter- 
est and a reality which we miss whUe perusing the flighty groundless theories and 
statements hazarded in such works as those by MM. Tvan and CAUiXBY. 
The author had with him in his own house a prominent agent in the events narrated, 
and kinsman of the Insurgent Chief. 

Mr. Meadows, Chinese Interpreter in H.M. Civil Service, who accompanied the 
Hermes in her visit to the Rebel Chiefs at Nanking, thus BpeaHsn of this narrative 
in his new work. The Chmae avd their R^>dlions — 

"This [the fact just mentioned in the preceding i>aragraph] is one of the many 
inddentalproofs of the truthfulness of Mr. Hambbbo's informant."— p. 86. 

And again, "This passage, I may remark in passing, is one of the strongest proofs 
of the truthflilnem and general accuracy of the narrative in lib:. Hamburg's book." 
—p. 103. 
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Business as it is and as it might be 

By Joseph Lyndall. Crown 8yOb la. sewed, 1«. 6<2. cloth. 

*»* ThiB work obtained the Prize of Fifty Goiueas offered by the 
Men's Christian Association for the best Essay on '*The Evils of the ] 
System of Business, and the Difficulties they Present to the Attainnu 
Derelopment of Personal Piety, with Suggestions for their Bemoral." 

"We give a special welcome to *Busi7i£sg a8 it i» and €U it might be,* an Bt 
which Mr. Lyndall gained the prize of the Young Men's Christian Assodatio 
trust that it will powerfiilly aid the object oi the Society which called it for 
vigorous. 80 well informed, so healthfUl in its tone, it is a virtual plea for th 
dosing Movement of a sister Society."— i&a»2«ior, voL i., p. 169. 

CONTENTS.. 
Chapter I. 

THE PHrSIGAL EVILS OF THE PRESENT SrSTEM OF BUSINESS. 

I. Late Hours. — II. Over- Application. — IIL Neglect of Exerc 

Chapter II. 

THE MORAL EVILS OP THE PRESENT SYGTnSM OF BOIIINIESS. 

L Excessive Competition. — II. Trading Frauds — III. Over-Trad 
IV. Credit. — V. Speculation. — VI. Wrong Conceptions of the E 
subsisting between the Employer and the Employed. — VII. The 
fice of Conscience to Mammon. 

• 
Chapter III. 

THE DIFFICULTIES PRESENTED BT THE EVTUS OF THE PRESENT SYff 
BUSINESS TO THE ATTAINMENT AND DEVELOPMENT OF PERSONAL PI 

L The want of Time for Serious Reflection.— II. Evil Associates.— II] 
sical Exhaustion inducing an Apathetic Spirit in regard to S 
Things. — IV. Covetousness. — V. The Habitual Tampering with 
— VI. Forgetfulness of God and the Value of the Soul, in the 
Pursuit of Riches. 

Chapter IV. 

REMEDIAL SUGGESTIONS. 

I. Improved Education.— IL An increased sense on the part of En 
of their Duty to promote the Temporal and Spiritual Welfare of a 
them. — III. The Abstinence of Christian Men from all Semi^i 
Schemes.— IV. The Cultivation of Studious Habits.— V. Liter 

r 

stitutesand Mutual Improvement Societies. — VI. The Influence 
Christian Mhiistxy and Religious Assodatioiu,- VII. The pai 
Im|M>rtanice of ^»iHtual-Mindedness. 
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A Memoir of the Rev. James Crabb, 

LATE OF SOUTHAMPTOK. THB "OIPST ADVOCATE." 

By John Rudall, of Lincoln's Inn, Barrister-at-Law. 

One volume, crown 8vo. With a Portrait on Steel. Qs, cloth. 

Mr. Rudall has done a public service by bringing into contrast with the dwarfish 
religion of the present era, the labours wnich earnest men did not think too much to 
expend upon the great work of the Gospel sixty years ago." — ChrisHau Times. 

''James Crabb was a remarkable man, and bis Ufe is a striking example of enei^ 
and perseverance ; for without any advantagres of education, connexion, fortune, or 
position, he acquired a certain kind of distinction, and accomplished greater things 
lor philantbropy and religion than is done by thousands possessed of more than all 
he v/anted." — t^pectator. 

"The author has presented us with a fi^thAil portraiture of Mr. Crabb's life, 
character, persevering labours, and never-tiring zeal in the service of his Divine 
Master." — Hampshire Independent. 



"Par above Rubies." 

A MBMOm OF THE LATB MRS. HER80HELL. BT HER DAUGHTER. 

Edited by the Kev. Ridlry H. Herschell 
Fcap. 8vo., 6s. 6d. 

*,♦ 7%« Volume also contains a Series of Papers entitled " Tlie Bystavder" 
originally contributed by Mrs, Herschell to a Periodical Work, 

"To the i>en of an accomplished daughter we owe the record of a Christian worth, 
and a feminine culture, " Far above Bubies," in the Memoirs of Mrs. Ridley Herschell.' 
— ExcelstoTf vol. i, p. 466. 

The New Testament Quotations. 

Collated with the Scriptures of the Old Testament in the original Hebrew, and 
the y^ersion of the LXX. ; and with the other Writings, Apocr^'^hal, 
TaJmudic, and Classical, cited or alleged so to be. WiUi ^'otes and a 
complete Index. By Henry Gouoh. 8vo., 16s. 

In his prefSEUie to this extremely beautiful volume, Mr. Qough assigns various weighty 
reasons on account of which a^>ecial study should be made of the quotations occur- 
ring in the New Testament. Tne recognitien which they supply of the Old Testament, 
in its collective form, stamps the seal of divine authority upon it as a whole ; they 
shed light upon the condition of the original text ; much in the older writings of in- 
spiration, as regr^u'ds type, history, and prediction, receives explanation in the 
references and quotations of the later Scriptures ; particular doctrines are wonderfully 
confirmed, when the quotations are examined in the light of their context, as they 
appear in the book nrom which they are derived, and the intimate connexion 
betwixt the Old Testament and the New is strikingly illustrated by the study of them. 
The work is not confined to the quotations from the Old Testament. In three other 
divisions, the alleged quotations from, the Apocryphal books, supposed quotations 
ftom ancient Jewish writings, and quotations fh)m the Greek poets, are included. 
Several notes are appended, designed to reconcile apparent discrepancies, and to 
remove difficulties in the interoretation of Scripture, arising from the form of 
quotation. The mode in which tne quotations are exhibited to the eye of the reader, 
is as follows : — ^In two parallel columns we have the Hebrew text, with the authorised 
English version imdemeath it, and the text of the LXX. ; underneath which appears 
a trani^tion by Mr. Gough, who aims at a close rendering of the original, together 
with as near a conformity as possible to the English version. ImmecUately beneath 
the parallel columns of the Hebrew and LXX., the quotations in the New Testament 
are given in the order of their occurrence. At the foot of these short notes as to 
par£U.lel passive, various readings, and different translations, are very frequently 
to be found. . . What Mr. Gough has done, he has done well. — News qf the 

Churches and Journal of Missions. 

We thank both the author and publishers of this handsome volume for having 
supplied what was a desideratum in Biblical criticism. The work is beautifully 
executed, and will form a text-book not likely soon to be superseded.— C2mca2 
JoumaL 



